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Preface  to  Canadian  EDiiiOi^ 


Thk  present  edition  of  Hamblln  Smith's  Arithmetic 
if  not  simply  a  reprint  of  the  English  work.  Several 
articles  hare  been  introduced,  which,  it  is  hoped,  will 
render  the  book  more  useful.  Some  of  these  will  be 
found  on  pp.  88-40,  46,  48,  .64,  92-95,  116.  From 
Simple  Interest  to  Proportion  the  work  has  almost 
altogether  been  re- written.  Important  subjects,  such 
as  Discount,  Stocks  and  Shares,  Exchange,  &c.,  have 
been  treated  at  much  greater  length  than  in  our  ordinary 
text-books.  Some  articles  of  a  practical  business 
nature,  not  usually  found  in  school  arithmetics,  such  as 
Kquation  of  Accounts,  p.  188;  Partnership  Settle- 
ments, p.  224 ;  have  been  introduced.  For  those  we 
are  indebted  to  Mr.  S.  G.  Beatty,  late  ±"^rincipal  of 
Ontario  Commercial  College.  Special  care  has  been 
taken  to  adapt  the  work  to  the  wants  of  the  business 
eommimity.  Examination  Papers  of  a  somewhat  diffi- 
cult character  have  been  added  to  each  chapter.  These 
are  designed  to  stimulate  the  student  to  think  for  him- 
self, and  to  assist  him  in  preparing  for  tlie  different 
ofocial  examinations.  In  order  to  render  the  work  a? 
complete  as  possible,  an  Appendix  has  been  added,  in 
which  the  subjects  of  Interest,  Discount,  and  Annul  ties 
have  been  treated  algebraically. 

We  have  to  thank  Dr.  McLellan  for  hints  and 
advice  during  the  progress  of  the  work, 

Toronto,  Augnit,  1877. 
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ARITHMETIC. 


L  On  the   Method  of  Representing   Numben 
by  Figures. 

1.  Abithmetio  is  the  science  which  teaches  the  use  d 
numbers, 

2.  The  number  ons,  or  unity ^  is  taken  as  the  fonnda- 
t-ion  of  all  numbers,  and  all  other  numbers  are  derived 
from  it  by  the  process  of  addition. 

Thus: 

Two  is  the  number  that  results  from  adding  cms  to  one; 
Three  is  the  number  that  results  from  adding  one  to  two  ; 
Four  is  the  nmaber  that  results  from  adding  one  to  three; 

snd  so  on. 

8.  By  means  of  the  symbols  or  %iiree 
12846    678    9, 

called  the  kinb  siONiPicAirr  digits,  together  with  the 
symbol  or  figure  0,  called  zbbo,  we  can  represent  num- 
bers of  any  magnitude. 

4.  First,  each  of  the  significant  digits,  standing  by 
itself,  represents  a  number  greater  hy  &as  than  the 
number  represented  by  the  digit  that  immediately  pre- 
cedes it  in  the  list  of  digits. 

Thus  7  represents  a  number  greater  by  M»e  than  the 
Eumber  represented  by  6. 


as  BXPEBSBNTATIOK  Of 

6.  The  symbol  +,  read  Plus,  is  *used  to  denote  thi 
operation  of  Addition. 

The  symbol  «  stands  for  the  words  "is  equal  to,"  Of 
"the  result  is." 

Since 

2=1  -f  1,  where  unity  ig  written  tuidf^ 
8=2-f-l:==:l-f-l-f  1,  where  nnity  is  written  three  tunea. 
4=3  -j- 1=1 4- 1  -f- 1  f  1,  where  imity  is  written  fowr  timet, 
and  so  on. 

6.  Numbers  between  nine  and  a  hundred  are  repre- 
sented by  two  figures,  the  one  on  the  left-hand  signifying 
how  many  groupa  of  ten  units  are  contained  in  the  num- 
ber represented,  and  the  one  on  the  right-hand  signify- 
ing  how  many  single  units  are  contained  in  the  number, 
in  addition  to  the  groups  of  ten  unite. 

Thus,  in  the  expression  69, 
the  figure  6  represents  six  groups  of  ten  tmits, 
the  figure  9  represents  nine  single  units. 

These  groups  of  ten  units  are  for  brevity  called  TenSt 
and  the  single  units  are  for  brevity  called  Units. 

Numbers  between  ninety-nine  and  a  thousand  are 
represented  by  three  figures. 

In  the  expression  746, 
the  figure  7  represents  seven  groups  of  a  hundred  unitt, 
the  figure  4  represents  four  groups  of  ten  units, 
the  figure  5  represents  five  single  units. 

In  the  expression  8476, 
the  figure  8  represents  three  groups  of  a  thousand  units 

In  the  expression  23476, 
tlio  figure  2  represents  two  groups  of  ten  thousand  unita 

In  the  expression  123476, 
the  figure  1  represents  one  group  of  a  hundred  thoueand 
units. 

In  the  expression  9128476, 
the  figure  9  represents  nine  groups  of  a  miiUon  units; 
and  soon. 


,! 
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7.  To  put  ihe  matter  briefly  :  when  we  express  a 
number  in  figures,  and  tell  off  the  figures yror/*  righi  to 

the  farst         figure  represents  a  number  of  uwiU, 
the  aeeond       figure  represents  a  number  of  te»«, 
the  third        figure  represents  a  number  of  hundreds 

the  /ourfA       figure  represents  a  number  of  <AotMam!«, 
\iiB  fifth  figure  represents  a  number  of  fern  of  thou- 

sand* 
the  iixih         figure  represents  a  nxxmber  of  hundreds  of 

thovAand»y  , 

the  seventh      figure  represents  a  number  of  mtRionSf 

the  eighth       figure  represents  a  number  of  ten*  of  million»t 

the  niiUh        figure  represenis  a  number  of  hytndreds  of 

miUiona, 

the  tenth        figure  represents  a  number  of  huHons, 

the  eieventk    figui'e  represents  a  number  of  tevis  of  billions, 

fcha  twelfth     figure  represents  a  n  amber  of  hiAidreds  of 

biU%OH*, 

the  thirtdetUh  figure  represents  a  number  of  triUions. 

8.  When  the  symbol  0  appears  in  an  expression,  it 
shows  that  the  number,  represented  by  the  expression, 
contains  no  single  units,  tens,  hundreds,  etc.,  according 
fts  the  0  is  placed  in  the  firet,  second,  third  place,  the 
«rder  of  place  being  reckoned  from  right  to  left. 

Thus: 

20  represents  the  number  which  oontains  two  groups  of 
ten  units  and  no  single  units  ; 

800  represents  »he  number  which  oontains  three  groups 
of  a  hundred  units,  and  no  group  of  ten,  and  no  sin- 
gle units ; 

4007  represents  the  number  which  contains  four  groups 
of  a  thousand  units,  and  no  group  of  a  hundred,  and 
BO  group  of  ten,  and  seven  single  units. 

NU2MERATION. 

9.  To  write  in  words  tho  meaniag  of  a  SMnber 
•"▼^^sflod  in  fiigures,  is  called  NuMMuracw, 

The  remarks,  which  we  havo  "already  made,  oagh^ 


to  enable  the  learner  to  write  in  words  all  numbei^ 
expressed  by  onb,  two,  or  thess  figures. 

Thus: 

the  nimiber  expressed  by     8  is  written  itiaat ; 

the  number  expressed  by    27  is  written  TWESfTY-SEVEM ; 

the  number  expressed  by  804  ig  written  thkee  hund&iw 

AKD  70UK. 

10*  Next  take  the  case  of  numbers  expressed  Ij 
poua,  nvB,  or  six  figures,  as  4287,  '28509,  402675. 

Draw  a  line,  separating  the  three  Ji^res  on  the  righi 
of  each  expression  from  the  rest  of  the  expression,  and 
aver  the  figure  or  figures  on  the  left  of  the  line  writ© 
ihe  word  Thousand^  thus : 

4  I  237     ;  23  I  509    ;        402  |  675. 

Then  the  meaning  of  each  expression  can  be  writtoi 
at  once  in  words,  thus  : 

Four  thousand,  two  hundred  cjid  thirty-seven ; 
Twenty-three  thousand,  five  hundred  and  nine ; 
Four  hundred  and  two  thousand,  six  hundred  and 
seventy-five. 

11.  Next  take  the  case  of  numbers  expressed  by 
SEVEN,  RiaHT,  or  NIN.1  figures,  as,  for  instance,  the  num- 
ber expressed  by  847295828. 

Draw  a  line,  separating  the  three  figures  on  the  righi 
from  the  rest  of  the  expression,  and  a  second  line, 
marking  off  the  next  three  figures.  Over  these  writa 
the  word  Thofosandy  and  over  the  figures  on  the  left  of 
'!iis  second  line  the  word  Millions,  thus  : 

847       I         295       1 828. 
Then  we  c&n  write  the  meaning  in  words,  thus : 

^Diree  hundred  and  forty-seven  millions, 
two  hundred  and  ninety-five  thoiLsandf 
Huce&lHmcb:^        twen'v^iJghl. 


Again,  to  express  in  words  20040080,  write  it  thus : 

Millioiig      ,      Thonsandj      I 

SO    I         04a       I      080 
And  the  number  expressed  in  words  is — 
Twenty  millionst 
forty  thoiuand 
and  thirty. 

12.  If  more  than  nine  figures  are  in  the  given  num- 
ber, mark  off  the  figures  by  threes^  as  before,  and 

oyer  the  fourth  parcel  write  the  word  billiontt 
oyer  the  Jifih  parcel  writ^  the  word  trillions. 

Thus,  to  express  in  words  24008269407082,   proceed 
thus  : 

Trilllont     I     BiUlona     i     MiUioiii      I     Tfaoouuidf    I 

24       I       008      I       269       I        407        |    082 
and  the  number  expressed  in  words  is — 
Twenty-four  trillionat 
three  billions^ 

t^o  hundred  and  sixty-nine  miUions, 
four  hundred  and  seven  thousand 
and  tliirty-two. 

Note.   1  followed  by  three  zeros,  1000,  represents  a  thouBand. 

1  followed  by  six  zeros,  1000000,  representa  a  million. 

1  followed  by  nine  zeros,  1000000000,  represento  a  bil- 
lion. 

Sxampleg.  (i) 

Write  in  words  the  numbers  expressed  by  the  following 
figures  : — 

(1)  7,     18,     46,     69,     826,     4678. 

/2)  90,     110,     207,     4800,     4086,     4806. 

I '8)  780,     609,     6860,     2020,     1101. 

4)  86497,    49532,     654821,     743269. 

16)  46000,     82600,     75230,     600000. 

re)  8672914,     3469218,     4629817. 

7)  9000000,  29000000,  715000000. 

8)  910807240,  807004205,  880508040. 

9)  248769268342,  807405006270. 

(10)  417286082719436,  803056300072010, 


MOTATIOX. 

NOTATION. 


]3.  To  represent  by  figures  a  number,  expregMd  ia 
words,  is  called  NoTi-noN. 

The  method  to  be  employed  is  this  : 
Prepare  the  divisions  in  which  the  figures  represeni- 
Tig  ihousands,  millions,  &c,  are  to  be  placed,  thus : 


Trillionfl 


BiUtoci 


Thoowmd 


and  place  in  each  division,  as  well  on  the  right  and  left 
of  ^e  outermost  lines,  the  figures  required. 

Thus,  to  represent  by  figures  forty-seven  thousand, 
three  hundred  acd  nine,  we  proceed  £bu8 : 

Tlxonsand         I 

47          I  309 

ftnd  the  number  expressed  in  figures  is  47809. 

Again,  to  represent  by  figures  four  billions  three 
hundred  and  two  miUions,  eighteen  thousand  and  fifty- 
three,  we  proceed  thus : 

BilUons     I     Milliona     I    Thooaand    I 

4        I       802      I      018      I         058 
and  the  number  expressed  in  figures  is  4802018068. 

Example!.    00 
Express  in  figures  the  following  numbers  : — 

(1)  Nine ;  twelve ;  seveniean  ;  nineteen  ;  thirteen  ;  six- 
teen;  eleven. 

(2)  Twenty-three  ;  twenty- seven  ;  thirty-five ;  thirty* 
eight ;  forty-four ;  forty ;  twenty-six  ;  thirty-four. 

(8)  Sixty-seven ;  ieventy-five  ;  sixty-two ;  eighty-three ; 
ieventy-foor ;  ninety-two  ;  aixty-eight ;  ninety -five. 

(4)  Seventy-six ;  twenty-two  ;  fifty ;  fifteen ;  twenty- 
eight  ;  sixty -oca ;  forty-nine ;    eighteen  ;  ninety  ;    seven^- 

(6)  One  hundred  and  seven;  one  hundred  and  thirty; 
two  hundred  and  forty-six;  three  hundred  and  seventy-two ; 
liz  hundred  and  dght ;  seven  hundred  and  forty  ;  nin« 
hundred  and  ninety. 
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(6)  Eight  hundred  And  thirtj-dx ;  MTen  hundred  and 
forty -seyen ;  four  hundred  and  ten ;  nine  hundred  and 
thirt«en;  Btvin  hundred  and  fif^j;  three  hundred  and 
eighty-four. 

(7)  Eight  hundred  and  eighteen;  eight  hundred  and 
flight ;  two  hundred  and  six  ;  four  hundred  and  thirty  ;  five 
hundred  and  tweWe  ;  seyen  hundred  and  eighty-seven. 

(8)  Seven  thousand  eight  hundred  and  forty-five ;  nine 
fcousand  »six  hundred  and  thirty-seven  ;  twelve  thousand ; 
eight  thousand  four  hundred;  six  thousand  and  three; 
eighty-five  thousand  and  forty. 

(9)  Five  thousand  four  hundred  tnd  seventy  ;  three  thou- 
sand six  hundred  and  fifty ;  eight  thousand  seven  hundred 
and  eighty;  one  thousand  two  hundred  and  fsrty-seven; 
four  thousand  eight  hundred  and  eight. 

(10)  Six  thousand  and  four  ;  seven  thousand  and  twenty- 
two  ;  three  thousand  five  hundred ;  nine  thousand  and  forty- 
Mven :  two  thousand  and  f  eventeen ;  nineteen  thousand 
four  hundred  and  two. 

(11 )  Seventy  thousand  and  seven;  sixty  thousand  and  sixty; 
^Anrteen  thousand  and  fourteen ;  seventy  thousand  and 
seventeen  ;  twelve  thousand  three  hundred  and  three ;  six- 
teen thousand  and  five. 

(12)  Three  hundred  and  fifty-six  thousand  seven  hundred 
and  twenty-eight;  six  hundred  and  forty  thousand  eighi 
hundred  and  forty-t^o ;  nine  hundred  thousand ;  eight  hun 
dred  thousand  and  forty. 

(18)  Seven  millions;  four  millions  five  hundred  and 
leventy-six  thousand  eight  hundred  and  sixty-five  ;  seventy- 
five  nullions  eight  hundred  and  six  thousand,  nine  hundred 
and  forty. 

(14)  Three  hundred  and  fifteen  millions;  five  millions 
and  forty  thousand ;  eight  millions  and  seven  hundred  ; 
eighteen  millions  and  twenty  ;  seven  himdred  millions  and 
two. 

(15)  Three  hundred  and  fifteen  hillions  six  hundred  and 
geventv-four  millions,  eighteen  thousand  and  three  ;  thirty- 
five  billions  six  hundred  millions,  five  hundred  and  twenty. 

(16)  Seven  billions ;  five  trillions,  eight  hundred  billions, 
nx  hundred  thousand  and  forty-seven;  eight  trillioas, 
forty- three  thousand  and  seven. 

(17)  Three  hundred  and  five  trillions,  five  billions,  four 
mUlions,  six  thousand  and  three  ;  fifty-three  trilliona,  fifty- 
three  millions,  flffy-three  thousand  and  fifty-three. 
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(18)  Nine  trilfions  and  nine ;  ninety  trillions  and  nin« 
htindred;  nineteen  triUions  and  nineteen  thonsand;  <!mt 
trillion,  one  milUon,  one  thousand,  one  hundred  and  on«. 

ROMAN  NUMERALS. 

14.  In  the  Boman  system  of  Notation,  which  is  still 
aeed  frequently  in  insoriptions,  in  references  to  chapters 
of  books,  and  for  other  purposes,  the  symbols  chiefly 
employed  were  I,  V,  X,  L,  0,  D,  M. 

These  symbols,  standing  by  themselves,  represented 
respectively  the  numbers  one,  five,  ten,  fifty,  a  hundred, 
five  hundred,  and  a  thousand.  Intermediato  numbers 
were  represented  by  means  of  an  arrangement  that  the 
numbers  represented  by  the  symbols  I  and  X  when 
standing  on  the  rigkt  of  a  higher  symbol  were  to  be 
added  to  the  number  represented  by  that  symbol,  and 
when  standing  on  the  left  were  to  be  tubiracted  from  it. 

Thus: 

YI  represented  the  number  mx, 
TV  represented  the  number  /ow, 
and  LX  represented  the  number  moeiy, 

XL  represented  the  nximhet  forty. 

The  following  table  will  explain  the  method  for  num* 
bers  up  to  a  thousand  : 


1  L 

11  XI. 

M  XXL 

110  OX 

2  II. 

12  XII. 

80  XXX. 

150  CL. 

8  ILL 

18  XIII. 

40  XTi. 

188  CLXXXVIII 

4  IV. 

14  XIV. 

44  XLIV. 

200  CC. 

6  V. 

15  XV. 

60  L. 

800  ceo. 

6  VI. 

16  XVI. 

60  LX. 

400  COCO. 

7  vn. 

17  xvn. 

70  LXX. 

600  D. 

8  VIII. 

18  XVIII. 

80  LXXX. 

600  DO. 

9IX. 

19  XIX. 

90  XO. 

900  DGGCO. 

.OX. 

aoxx. 

100  C. 

1000  M. 

PmAN  NTTMEBAUI.  • 

Sxamplee.    m 

Write  in  word* : 

(1)  XXVII.  (2)  XlilX.  (8)  Lxvm. 

(4)  LXXIIL  (6)  XCII.  (6)  CXLIV. 

(7)  CLXIII.  (8)  CXCIX.  (9)  DCLXIV. 

(10)  MDCCOLXXn. 

Write  in  Boman  Numerals : 

(1)  87.        (2)  69.        (8)  62.        (4)  87.        (6)  95. 
^6)  189.      (7)  145,      (8)  179.      (9)  846.    (10)  1763. 

EL    Addition- 

15.  If  we  combine  two  or  more  groups  of  units,  so 
as  to  make  one  group,  the  number  of  units  in  this  sin- 
gle group  is  called  the  Sum  of  the  numbers  of  units  iu 
the  original  groups. 

To  find  the  sum  of  5  and  8,  we  reason  thus : 

Since  8  =  l  +  l  +  l,  (Art.  5) 

6-^8  =  6  +  1  +  1  +  1 

*  6+1  +  1  (Art.  4) 

-7  +  1 

16.  By  practice  we  become  able  to  express  the  result 
of  adding  a  number  less  than  ten  to  another  number, 
without  breaking  up  the  number,  which  we  have  to 
add,  into  unit^. 


Thus  we  say 


and  so  on. 


7  and  6  make  12, 
15  and  8  make  23 ; 


Again,  if  we  have  three  or  four  numbers,  each  less 
than  ten,  to  add  together,  we  perform  the  process  men- 
tally ;  thus,  to  add  4,  7,  9,  and  6  together  we  say  4,  11, 
20,  26. 

17.  We  now  proceed  to  explain  the  process  of  addi- 
tion in  the  case  of  higher  numbers. 
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Suppose  we  have  to  add  together  the  four  numbers 
2476,  897,  486,  and  8007. 

We  arrange  them  thus  : 

2476 

397 

486 
8007 

6366 

placing  the  figures  that  represent  unitt  in  each  number 
in  the  same  vertical  Hne,  and  those  that  represent  tens 
in  the  same  vertical  line,  and  similarly  for  those  that 
represent  hundreds  and  thoitsands.  We  then  draw  a 
horizontal  line  under  the  last  number,  and  under  this 
line  we  place  the  number  representing  the  sum  of  the 
given  numbers,  which  is  found  in  the  following  way  : 

Adding  7,  6,  7  and  6  units,  the  sum  is  twenty-five 
units,  that  is  2  tens  and  6  units :  we  place  the  fiv« 
under  the  line  of  units,  and  carry  on  the  2  tens  for 
addition  to  the  hne  of  tens. 

Adding  2,  0,  8,  9  and  7  tens,  the  sum  is  twenty-six 
tens,  that  is  two  hundreds  and  6  tens  :  we  place  the  6 
under  the  line  of  tens,  and  carry  on  the  2  hundreds  for 
addition  to  the  line  of  hundreds. 

Adding  2,  0,  4,  8  and  4  hundreds,  the  sum  is  tMrteen 
hundreds,  that  is  1  thousand  and  three  hundreds :  we 
place  the  8  under  the  line  of  hundreds,  and  carry  on. 
the  1  thousand  for  addition  to  the  line  of  thousands. 

Adding  1,  8  and  2  thousands,  the  sum  is  six  thou- 
Bands,  and  we  place  6  under  the  line  of  thousands. 

Examples,   (iv) 
Add  together 

(1)    4  and  7,  8  and  1 3,  6  and  15,  9  and  27. 

(2)    62  (3)    40  (4)    86 

86  27  .  24 
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(0   «8T 
849 

823 

(«) 

209 
140 
600 

(T) 

66^ 

70 

106 

(8)   469 

6 

287 

4269 

(9) 

6462 
723 

8004 
9217 

(10) 

24609 
8470 

40052 
6207 

ai;  429    (12) 

--  847 

426 

269 

688 

364 
629 
488 
976 
868 

(18) 

253 
189 
667 
278 
884 

(14)  140 

49 

257 

6 

428 

(16)  6842 
5679 
8526 
6037 
2409 

(16) 

8750 
4623 
7988 
6648 
6729 

(17J 

)   8604 
4007 
6290 
8046 
7259 

(18  6848 

4297 

326 

62 

7008 

(19)  64-|-43-f7+854-9. 

(30)  247+356-1-28+423+97+12. 

(21)  426+3742+4236+39+847. 

(22)  7288+976+45+623+4000. 

(23)  8+97623+3407+5260+86. 

(24)  41587+9215+48+6077+28+2418. 

(25)  275413+3126+725+5007. 

(26)  74259+84S274+80000+1000001  +  207. 

(27)  4692+72430+80000729+40+600000000. 


(38)  46243 

(29) 

748326 

(80) 

6629 

85297 

64297 

426580 

825649 

682684 

87269 

346728 

20047 

506 

815 

4207 

670492 

42376 

617048 

87987 

645980 

8026 

6498 

18 
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(81)  356497 
648098 
720430 
680689 
407246 
864928 
254884 


(82) 


664297 

248643 
880469 
472686 
682987 
689468 
498468 


(88)  625498 

76862 

6436 

87294 

4869 

862 
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(84)  7462694 

(86) 

469749& 

(86) 

6572043 

8626837 

527 

2869267 

4398025 

4807046 

436 

6702403 

27209 

698206 

5124917 

152372 

45297 

6219806 

4058 

8626084 

4890148 

7265204 

57002 

7409425 

4872948 

852968 

(C7)  Seven  hundred  and  forty ;  forty  thousand  and  fifteen  ; 
six  hundred  and  forty-seven ;  fifty  three  thousand  thre* 
hundred  and  thr^e;  seventeen  thousand  five  hundred  au>.l 
forty-six, 

(38)  Five  hundred  and  eight;  six  thousand  and  nine; 
fifty-five  thousand  and  fourteen;  eight  hundrsd  and  nine- 
teen ;  seven  hundred  thousand  and  six  ;  two  thousand  and 
twelve. 

(89)  Cii  hundred  and  forty-five  thousand,  eight  hundred 
and  forty-live ;  seventy  thousand  and  forty-saven ;  sixty 
thousand  and  forty ;  seven  hundred  and  fifty  thousand ; 
three  hundred  thousand  and  fiftoeru 

{4lO)  Two  hundred  and  one  milliouij,  niaety-six  thousand, 
three  hundred  and  forty-two  ;  fifty-four  thousand  three  hun- 
dred and  four;  eighteen  millions,  six  thousand  and  three ; 
five  hundred  thousand  and  forty ;  eight  miUions  and  eight. 

ni.    SubtractioiL 

18.  If  from  a  number  we  take  away  a  smaller  aum- 
ber,  the  process  is  called  Subtraction, 

Strictly  we  ought  to  take  away  each  of  the  units,  of 
which  the  sm&ller  number  is  composed,  separately  from 
the  larger  number  :  thus,  to  subtract  3  from  5,  we  rea* 
son  thus: 

8  =  1  +  1+1| 
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if  we  take  away  one  of  these  units  from  6,  we  have  4  left ; 
if  we  tako  away  the  second  unit  from  4,  we  have  8  left ;  if 
we  take  away  the  third  onit  from  8,  we  have  2  left. 

The  Symbol  —,  read  mirniSj  is  used  to  denote  the 
operation  of  Subtraction.     Thus  the  operation  of  sub- 
tracting 3  from  6,  and  its  connection  with  the  result, 
may  be  briefly  expressed  thus  : 
5-8-SL 

19.  By  practice  we  become  able  to  subtract  a  num- 
ber,  less  than  ten,  from  another  number,  without 
b/eaking  up  the  smaller  number  into  luiits ;    thus  we 

7—4=3, 

18  —  6=18, 
49-^8=41; 

and  80  on. 

20.  Before  we  proceed  to  explain  the  process  of 
Subtraction  in  the  case  of  higher  numbers,  we  must 
notice  the  principle  on  which  &  certain  step  in  the 
process  is  founded. 

If  we  are  comparing  two  numbers,  with  a  view  to 
discover  the  number,  by  whish  one  exceeds  the  other, 
we  may  add  ten  single  units  to  the  greater,  if  we  also 
add  one  group  of  ten  units  to  the  less,  and  we  may  add 
ten  groups  of  ten  units  to  the  greater,  if  we  also  add 
one  group  of  &  hundred  units  to  the  less ;  and  so  on. 

Suppose,  for  example,  we  want  to  find  the  number 
by  which  66  exceeds  29,  we  might  reason  thus : 

66= five  tens  together  with  six  units. 

29= two  tens  together  with  nine  unitfl. 

To  the  former  add  ten  single  unitg,  and  to  the  latter 
&dd  one  group  of  ten  waits. 
Then  the  resulting  numbers  will  be, 
in  the  first  case,  five  tens  together  with  sixteen  units, 
in  the  second  c^se,  three  tens  together  with  nine  units. 
Hence  the  excess  of  the  former  over  the  latter  will  b« 
the  number,  made  up  of  two  tens  together  with  seven 
amis,  and  will  therefore  be  represented  by  27. 
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Let  ns  now  take  an  example,  to  show  the  praettcal 
way  of  performing  the  operation  of  substraction,  accom- 
panied by  a  complete  explanation  of  the  process. 

Suppose  we  have  to  take  589  from  926  ; 

From  926 
Take  589 

Remainder      887 

We  arrange  the  numbers,  placing  the  figures  that 
represent  units  in  each  in  the  same  vertisal  Hne,  and 
doing  tiie  same  with  those  that  represent  tens  and 
hundreds. 

We  then  reason  thus  :  we  cannot  take  9  units  from  6 
units  ;  we  therefore  add  ten  units  to  the  6  units,  making 
tixteen  units,  and  we  take  9  units  from  the  sixteen 
units,  and  set  down  the  result,  which  is  7  units,  under 
the  line  of  units. 

Having  increased  the  upper  number  by  ten  units,  we 
add,  by  way  of  compensation,  1  ten  to  the  lower  number, 
changing  8  tens  into  9  tens.  We  proceed  thus :  we  can- 
not take  9  tens  from  2  tens ;  we  therefore  add  ten  tens  ts 
the  2  tens,  making  twelve  tens,  and  from  these  we  take 
9  tens,  and  set  down  the  result,  which  is  S  tens,  under 
the  line  of  tens. 

Having  increased  the  upper  number  by  ten  tms,  we 
add,  by  way  of  compensation,  1  hundred  to  the  lower 
number,  changing  6  hundreds  into  6  hundreds. 

We  then  take  6  hundreds  from  9  hundi-eds,  and  set 
^wn  the  result,  which  is  8  hundreds,  under  the  Hne  ol 
hundreds. 

£xain{def«   (t) 

Find  the  difference  between  the  following  pairs  ol 
numbers : 

(1)    18  and  6.        (2)    16  and  7.  (8)  23  and  4. 

(4)     8  and  32. 

(5)    67        (6)    96      (7)     74      (8)  87  (9)     92 

28               42              89  68  47 
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(Id)      S18        (li)      704        (12)      6S0  (18)      7426 
247                   195                    648  8618 

(14)    6289        (16)    4729        (16)    6268  (17)    65472 
4127                   501                      86  4001 


(18)      867        (19)    4626        (20)72649        (21)    20004 
1846  48821  17243 


(22)  437  —  66         (28)  529  —  488        (24)  827  —  795 

(25)  8000  —  958     (26)  7040  —  683       (27)  6259  —  479 

(28)  6862^—7428    (29)  64296—53296  (30)  70000—68904 

(31)  52764  and  34297.  (32)     42456  and  102479. 

(33)  624300  and  14000702.    (34)    99999  and  100000. 

(35)  A  miJlion  and  a  thonsand. 

(36^  A  hundred  millions  and  a  hundred  thotisand. 

(37)  Ton  billione  and  a  thousand  and  one. 

(38^  What  number  must  be  taken  from  26  to  leave  18? 

(39)  "What  iiTJuber  must  be  taken  from  427  to  leave 

iui? 

(iO)    What  number  must  be  taken  from  three  thousand 
knl  nftesn  to  le&ve  two  thousand  four  hundred  and  five? 

(41)  By  ho>r  many  does  a  thousand  exceed  four  hxmdiod 
End  seven  *? 

(42)  The  greater  of  two  numbers  is  427  and  the  sum  of 
fike  numbers  is  686,  what  is  the  smaller  of  the  two  numbers  ? 

(4S)    What  number  must  be  added  to  7428  to  make  8047  ? 


IV.    Multiplication. 

2L  Multiplication  is  the  process  by  which  we  find 
the  sum  of  two,  threa,  four  or  more  numbers,  which  are 
tquai. 

Thus,  if  we  have  to  find  the  sum  of  three  numbers 
each  equal  to  7,  we  call  the  process  fh  -  Multiplioatioh 
0/7^^8. 

This  sum  is  called  the  Pboduot  of  the  multiplioetion 
of  7  by  8. 

The  number  8  is  called  the  Multtplikb. 

The  number  7  is  called  the  Multiplioand. 

Tb^  following  table  most  be  committed  to  memory. 
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The  MoltipUoation  Table. 


Twice 
lis  3 
2..  4 
8..  6 
4..  8 
6..  10 
6..  12 
7..  14 
8  ..  16 
9..  18 

10  ..  20 

11  ..  22 
l2..  24 


Three 

Pour 

Five 

Six 

times 

times 

times 

times 

lis    8 

lis    4 

lis    5 

lis   6 

2..    6 

a..    8 

2..  10 

2..  12 

8..    9 

8..  12 

8..  16 

8..  18 

4..  12 

4..  16 

4..  20 

4..  24 

6..  15 

6..  20 

6..  26 

6..  80 

6..  18 

6..  24 

6..  80 

6..  86 

7..  21 

7..  28 

7  ..  S5- 

7..  42 

8..  24 

8..  32 

8..  40 

8..  48 

9..  S7 

9..  86 

9..  46 

9..  54 

10..  30 

10  ..  40 

10..  60 

10 ..  60 

11  ..  33 

11..  44 

11  ..  66 

11 ..  66 

12  ..  36 

12  ..  48 

12..  60 

12  ..  72 

SeT6ii 
times 

1  IS    7 

2  ..  14 

8  ..  ai 


28 
86 
42 
49 


Eight 
times 
1  is    8 


16 
24 
82 
40 

48J 


7  ..JB- 

8  .:  64 
72 
80 
88 
96 


9 
10 
11 
12 


Nine 

Ten 

times 

times 

1  is    9 

lis  10 

2  ..  18 

2  ..  20 

8  ..  27 

8  ..  80 

4  ..   86 

4  ..  40 

6  ..   46 

6  ..  60 

6  ..   64 

6  ..  60 

7  ..   63 

7  ..70 

8  ..    72 

8  ..80 

9  ..   81 

9  ..90 

10  ..   90 

10  ..100 

11  ..   99 

11  ..110 

12  ..  108 

12  ..120 

Eleven 
times 

1  is  11 

2  ..  22 


83 
44 
66 
66 

77 
88 
99 


10  ..  110 

11  ..  121 

12  ..  132 


8  ..  66 

9  ..  63 

10  ..  70 

11  ..  77 

12  ..  84 

Twelve 
times 

1  is  12 

2  ..  24 

3  ..  86 

4  ..  48 
6  ..  60 
6    ..  72 

..  84 
..  96 


7 
8 

9  ..108 

10  ..120 

11  ..132 

12  ..144 


22-  Let  it  be  cai-efuUy  observed  that  Multiplication  is 
A  short  form  of  addition.  When  we  say  that  8  times 
4  is  twelve,  we  assert  that,  if  4  and  4  and  4  bd  added 
together,  the  result  is  12. 

Each  of  the  numbers  8  and  4  is  called  a  Faotob  oI 
the  product  12. 

Again,  if  we  had  to  £bid  the  value  of  4  times  67,  we 
might  proceed  thus : 

67 
67 
67 
67 
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Now  Binee  the  figures  in  each  Tertioal  line  are  the 
same,  we  may  Bave  ourselves  the  trouble  of  addition,  by 
learning,  from  the  Multiplication  Table,  the  numbers 
that  result  from  adding  the  same  number  four  times. 
Then  we  may  write  the  operation  in  a  shorter  form, 
thas  : 

67 
4 

268 
T3ie  process  will  stand  thus : 

Four  times  7  is  twenty-eight ;  we  sot  down  8  in  the  place 
of  units,  and  carry  on  two  for  addition  to  the  line  of  tens. 
Four  timee.G  tena  is  24  tens,  and  adding  2  tens,  the  result  is 
twenty-six  tens,  that  is  two  hundreds  and  six  tens ;  we  set 
down  6  in  the  place  of  tens,  and  2  in  the  place  of  hundreds, 
and  the  final  result  is  268. 

Here  87  is  called  the  Multiplicand, 
^  is  called  the  Multiplier, 
268  is  caUed  the  Product. 

23.  The  symbol  x,  placed  between  two  ntonbers, 
expresses  that  the  second  is  multipHed  by  the  first,  and 
the  whole  operation  in  the  exfimple  just  given  is  briefly 
expressed  thus : 

4X67  =  268. 

24.  Next  obsarve,  that  the  multiplier  and  mnltipli- 
eand  may  change  places,  without  altering  the  vdue  oi 
th<»  Product. 

Thnp  Ax4-i4x8,  or8  times  4  »  4  timei  8. 
Fof  8  times  4  =  4-4-4-|-4. 

=  l+l+l+l^ 
+  l-»-l+l4 

-hl+l+l+lj 
And  4  times  8  ^  3-(-3-J-3-|-3 
=  1+1+M 
+  1+1+1 
■f  1+1+1 
+  1+1+1. 

Now  the  results  obtained  from  I  and  11  must  be  the 
same,  for  the  horizontal  columns  of  the  one  are  identic 
oal  with  the  vertical  columns  of  the  other. 
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25.  If  we  multiply  a  number  by  10,  the  product  is 
obtained  by  annexing  0  to  the  number,  that  is, 

10  X  a64  «  8640. 

If  we  multiply  a  number  by  100,  the  product  is 
obtained  by  annexing  00  to  the  number,  that  is, 

100  X  864  »  86400. 

So  by  annexing  000  to  a  number  we  multiply  it  by 
1000^  and  so  on. 

If  we  have  to  multiply  a  number  by  20,  we  may  first 
multiply  it  by  2  and  then  annex  0  to  the  result,  and 
the  ^qX  result  will  be  the  product  required. 

Again,  if  we  have  to  multiply  a  number  by  200,  we 
may  first  multiply  it  by  2  and  then  annex  00  to  the 
result. 

The  method  of  expressing  the  result  of  multiplica- 
tions of  this  kind  in  practice  is  as  follows : 

We  multiply  4276  by  700  and  14289  by  6000  thus  : 

4276  14289 

7^0  6000 


£898200  86484000 


Examples*  (^ 

!E^d  the  Product  in  the  following  cases  of  Multipli- 
cation. 

8  times    15.  (2)    4  times    76.        (8)    6  times    OR. 

10  times    87.  (6)    6  times  114.        (6)    7  times  128. 

11  times  848.  (8)  12  times  947. 
(9)  Multiply  25  by  2,  B,  7,  9. 

(10)  Multiply  127  by  5,  8, 10, 11,  20,  70. 

(11)  Multiply  2467  by  4,  6, 11,  12,  600,  7000. 

(12)  Multiply  87429  by  9, 11, 12,  60000,  80000000. 


26-  Ex.  (1).  To  mtiUiply  847  hy  28 
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The  form  of  the  c^ration  k : 

847 
S8 

694 
7981 

The  explanation  is  this  : 

The  multiplier  is  made  np  of  two  park  8  and  SO,  we  tfeei* 
fore  multiply  847  first  by  throf ,  and  then  by  20,  and  add  the 
two  resoltfl. 

Now      8X847  =  10^. 
and     20X847=6940. 

in  setting  down  this  second  result  we  omH  She  nro^ 
because  it  will  have  no  effect  on  the  («d4^ti<Hi  which  has 
6o  be  performed. 

Examples*    C^ 

Mnltii^ 
(1)  28  by  15.  (2)  87  by  W.  (8)  45  Vf  86. 


4)  70  by  26.  (6)  126  by  24.  (6)  827  by  41 

7)  206  by  43.  (8)  807  by  98.  (9)  2684  by  85. 

Q)  67236  by  27.     (11)  84293  by  88.     (12)  7620808  by  76. 

Ex.  (2).  To  rmUUply  84007  bi/  218, 

84007 
&i8 


102021 
84007 
66014 

7248491 


Here,  when  we  multiply  84007  by  200,  the  result  is 
6801400,  and  we  omit  the  two  zeroe  at  the  end,  being 
careful  to  put  the  4  in  the  place  of  hundreds. 

Observe  that,  in  all  cases,  the  first  figure  on  the  right 
of  each  partial  product  will  be  in  the  same  vertical  line 
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with  tlie  figure  "by  which  we  are  multiplying :  fthns,  ift 
the  example  just  given,  the  4  in  the  third  product  is  in 
the  same  vertical  line  with  the  2  by  wliich  we  multiplied. 

Ex.  (8).  To  muUiply  30047  hy  21009. 

80047 
21009 


270428 
80047 
60094 

68125742^ 

Here  the  first  figure  on  the  right  of  the  second  pro 
duct  stands  in  the  place  of  thousands,  because  we  are 
then  multiplying  30047  hy  1000. 

Ex.  (4).  To  multi^ily  70407  hy  3700. 

70407 
8700 


49284900 
211221 

260505900 


Examples-  (viH) 

MoJtiply 

(1)  826  by  682.  (i)  704  by  176. 

(3)  809  by  606.  (4)  917  by  406. 
ta   6376  by  423.    (6)  7846  by  840.   (7)  7859  by  5006, 

(8)  85639  by  698.  (9)  79802  by  4007. 

JXO)  80207  by  5060.  (11)  642867  by  90807. 

Ci2V  8637405  by  40800.  (13)  970052  by  40072. 

(14)  980740  by  3406.  (15)  9864302  by  800^71. 

(16)  870120506  by  700408.  (17)  82804070  by  4uS300. 

(13)  742349  by  947.  (19)  678628  bv  6205. 

(20   428734  by  8057.  (21)  984236  by  6009. 

(22)  8724^9  by  70043.  (23)  885704  by  86479. 

(24)  423796  by  57243.  (25)  620072  by  400206. 

(26)  270408  by  602049.  (27)  427964  by  682978. 


Bx.  (6).  To  find  ^\e  continued  product  of  14,  8,  and 
70. 

Here  we  first  multiply  14  by  8,  and  then  multiply  the 
product  by  70,  that : 

14 
8 

lis 

70 

7840 
that  is,  14x8x70  =  7840. 

Examples*    ^) 
Find  the  continued  product  of 
(1)    18, 19  and  20.  ^2)    486,  78,  IS  and  6. 

(3)     8476,  2800,  70010  and  2008. 

27.  When  a  number  is  multiplied  by  itteff  once, 
twice,  three  times,  .  .  .  the  resulting  products  are 
called  the  second,  third,  fourth,  .  .  .  Fowebb  of  the 
number.  The  process  is  called  Involution,  and  the 
Power  to  which  the  number  is  raised,  is  expressed  by 
the  number  of  times  the  number  has  been  employed  as 
a  factor  in  the  operation. 

The  term  squart  ip  usually  employed  instead  of  uoond 
power. 

The  term  cvhi  is  usually  employed  instead  of  third 
power. 

Thus,  144  is  the  square  of  12,  becauae  12x12  =  144. 
64  is  the  cube  of  4,  because  4x4x4^64. 
81  i»  the  fourth  power  of  3,  because  8x8x8x8«81. 

Examples-    (z) 
£^d  the  squares  of 


(1)  16.  (2)  24.  (8)  40. 

(5)  69.  (6-)  72.  (7)  87. 

(9)  114.  (10)  287.  (11)  625. 

aS)  78S. 

And  the  cubes  of 

S4)  11.  (15)  18.  (16)  25. 

8)  68.  (19)  198.  (20)  100. 

J2)  856  (28)  589.  (24)  704. 


9A  mtuttom. 

V.    Division. 

28.  DiYiBioN  is  the  process  by  which,  when  ♦  prAiJU,. 
b  given,  and  we  know  one  of  the  factors,  the  \}i*er  fao^ 
tor  is  determined. 

The  product  is,  with  reference  to  thii  proo«M,  e&Qed 
the  Dividend. 
The  given  ftustor  is  called  the  DnnsoB. 
The  factor,  which  has  to  be  f^nnd,  is  called  the  Quo- 

TIKNT. 

29.  The  operation  of  <li.7ision  is  denoted  by  tiie 
sign  -T- 

Thus  124-8  signifies  t^mt  12  is  to  be  divided  by  8. 
The  same  opera^on  is  denoted  by  writing  the  Divi- 
dend over  the  DiVjor  with  a  line  drawn  between  them, 

thM,     ^ 

In  this  Ohapt/.  we  shall  treat  only  of  cases  in  which 
the  Dividend  coi^Uins  the  Divisor  an  exact  number  oi 
times. 

30.  For  small  numbers,  the  Multiplication  Table 
affords  the  means  of  solving  questions  in  Division. 

For  iristanoe,  since  12  =s  ^x8, 

12  ^^  4  =  8,  and  12  -i-  8  =«  4 ; 
and  since  96  =rt  12  x  8, 

96  -J-  13  =«  8,  and  96  -J-  8  =12. 

31.  When  we  divide  one  number  by  another,  we  find 
how  many  times  the  latter  is  contained  in  the  former, 
and  therefore  any  process  by  which  we  can  discover  how 
many  times  one  number  is  contained  in  another  will 
famish  a  rule  for  division.  Buch  a  process  is  explained 
by  the  examples,  which  we  shall  now  give. 

Ex.  (1).  Divide  408  hy  17. 

Since  17x20::==  840, 
and    17X80  =  510, 
it  is  plain  that  17  is  contained  in  408  more  than  ^traw^ 
times,  and  less  than  thirty  times. 

If  then  we  take  away  840  from  408,  and  find  how 
many  times  17  is  contained  in  the  number  that  remains, 


opnniom,  88 

we  shall  find  how  many  times,  more  than  ttoenty^  the 
Divisor  is  contained  in  the  Dividend  408. 

Now  408—840=  68,  and  this  number  contains  17 
juat  four  times. 

Hence  17  is  contained  in  408  twenty  times,  and  also 
four  times,  that  is,  the  Quotient  resulting  from  the  div- 
ision of  408  by  17  is  24. 

This  proeess  is  represented  more  briefly  thus : 

17)408(20+4 
840 

68 

Hence  408  ^17 -24. 
And  yet  more  briefly,  availing  ourselves  of  the  notation 
by  which  the  local  value  of  digits  is  represented,  and  we 
are  enabled  to  omit  zeros, 

17)408(24 
94 

68 
88 

Ex.  (2).  Suppose  we  have  to  divide  89012  by  10  j 

Divisor    Dirldend    Quotient. 
17)    89012      (6288 
86 

40 
84 

61 
61 

102 
102 

We  first  find  how  often  17  is  contained  in  89,  and  as  it 
is  contained  five  times,  we  set  down  5  as  the  first  figure 
in  the  quotient,  then  multiply  17  by  6,   and  substiact 


u 


DIVISION* 


the  result  85  from  the  89 :  to  the  j^mainder  4  we  annex 
the  next  figure  in  the  dividend  ;  then  as  17  is  contained 
in  40  twice,  we  set  down  2  as  the  second  figure  in  the 
quotient,  then  multiply  17  by  2,  and  substract  the  result 
34  f  i.  the  40  ;  and  proceed  by  similar  steps  to  th« 
end  of  the  operation. 

Ex.  (8).  Divide  920675  by  23. 

23)  920575  (4002* 
92 


Here,  when  we  bring  down  0,  the  third  fignre  of  the 
dividend,  23  is  not  contained  in  it ;  we  therefore  set 
down  0  as  the  second  figure  of  the  quotient,  and  when 
we  bring  down  5,  the  fourth  figure  of  the  dividend,  23 
is  not  contained  in  5  ;  we  therefore  set  down  another  0 
as  the  third  figure  of  the  quotient.  When  we  then  bring 
down  7,  the  next  figure  of  the  dividend,  23  is  contained 
in  57  twice,;  and  the  operation  proceeds  easily. 


Divide 


Examples,    (xi) 


(1) 
(3) 

(5) 
(7) 
(9) 

(11) 
(13) 
(15) 
(17) 
(19) 
(21) 
(23) 
(25) 
(27) 


18  by  6.  (2) 

84  by  7.  (4) 

182  by  13.  (6) 

456  by  19.  (8) 

8996  by  37.  (10) 

431376  by  817.  (12) 

19249470  by  342.  (14) 

224009433  by  489.  (16) 

2880376  by  1309.  (18) 

98955005667  by  4123.  (2:)) 

13312053  by  237.  (22) 

380919856  by  83.  (24) 

218860101  by  689.  (26) 

39916424548  by  1001.  (28) 

(29)     2t)5'40538445  b^  7649. 


27  by  9. 

132  by  12. 

238  by  17. 
3708  by  36. 
6499  by  493. 
976272  by  946. 
86366784  by  358. 
4690325214  by  613. 
10781526  by  6142. 
4076331  by"  2019. 
505350366  by  80. 
4600304  by  907. 
337103025  by  881, 
152847420  by  5000. 
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1165584898000  by  17072. 
35088008823434  by  74291. 
369187022085112  by  65432. 
837741356152459  by  98989. 
58376823669  by  642867. 
2959990965442  by  9864302. 
261449109180  by  8723694. 

32.  If  any  two  of  the  three  numbers  that  form  the 
Divisor,  Dividend,  and  Quotient  be  given,  we  can  6nd 
the  third. 

For  Dividend-4-Divisor= Quotient. 
Dividend-i-Quotient = Divisor. 
Divisor  x  Quotient  =  Dividend. 

Examples,    (ni) 

(1  The  Dividend  is  1171692,  the  Divisor  842.  Find  the 
Quotient. 

(2)  The  Dividend  is  149201,  the  Quotient  2f .  Find  the 
Divisor. 

(8)  The  Divisor  is  987,  the  Quotient  64862.  Find  the 
Dividend. 


SHORT  DIVISION. 

33.  When  the  Divisoi  is  not  greater  than  12,  the 
process  of  division  may  be  greatly  abridged. 
Suppose  we  have  to  divide  92368  by  8. 
The  operation  is  set  down  in  the  following  form : 

8i' 


11546    Quotient. 


The  following  is  the  process : 

Since  8  is  contained  once  in  9,  with  1  as  remainder,  W9  set 
down  1  under  the  9,  and  mentally  prefix  the  remainder  1  to 
the  2,  reading  the  result  as  12 :  then  since  8  is  contained 
once  in  12,  with  4  as  remainder,  we  set,  down  1  under  the  2, 
and  prefix  4  to  the  8,  reading  the  result  as  43  ;  then  since  8 
is  contained  Jive  times  in  43,  with  3  as  remainder,  we  set 
down  6  under  the  three,  and  prefix  8  to  the  6,  reading  the 


aio  myzsioir. 

reiv  i  as  86 :  then  since  8  is  contained  fcmr  times  in  86,  wiU 
4  as  remainder,  we  set  down  4  under  the  6,  and  prefix  4  to 
the  8,  reading  the  result  as  48 :  then  since  8  is  contained  six 
times  in  48,  with  no  remainder,  we  set  down  6  under  the  8, 
and  our  operation  is  completed. 

Next,  suppose  we  have  to  diyide  11042804  by  lii 
The  operation  is  set  down  thus : 
12111042804 


920192    Quotieni 


The  following  is  the  process  : 

We  must  take  three  figures  before  we  obtain  a  number 
which  contains  12  ;  then  we  say  12  is  contained  nine  times 
in  110,  with  2  to  carry  on  ;  then  12  is  contained  t^ciae  in  24, 
and  there  is  nothing  to  caixy  on ;  then  12  is  not  containsd  at 
all  in  2,  we  therefore  set  down  0  under  the  2,  and  carry  on 
2 ;  then  12  is  contained  in  23  once,  with  11  to  carry  on ;  then 
12  is  contained  in  110  nine  timeSt  with  2  to  earry  on ;  lastly, 
12  ig  contained  in  24  tvnce  exactly. 


Examples-  (xiiD 


Divide 


(1)  7662  by  2.  (2)  726961  by  8. 

(Q)  8650282  by  4.  (4)  8749320  by  6. 

(5)  7463424  by  6.  (6)  3604221  by  7. 

(7)  n8406960by9.  (8)  4362017  by  11. 

(9)  7912464  by  12.  (10)  4000628070905  by  1 

(11)  7642300721  by  11.  (12)  86089882405604  by  14 

Divide  each  of  the  following  numbers  by  2,  8,   and  4 
separately: 

(18)  4268924.   (14)  620487648.   (16)  27540918264. 

Divide  each  of  the  following  numbers  by  5,  8,  and  9 
separately : 

(16)    46528920.      (17)    981754200       (18)     284567000. 

Divide  each  of  the  following  numbers  by  7,  11,  and  12 
separately : 

(19)  7971348.    (20)  29574468.    (21)  6736387812. 
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VI.  On  the  Resolution  of  Numbers  into  Factors. 

34.  We  shall  discuss  in  this  section  an  operation, 
which  is  the  opposite  of  that  which  we  call  multiplication. 
In  multiplication  we  determine  the  product  of  too  given 
factors  :  in  the  operation,  of  which  we  have  now  to  treat, 
the  product  is  given,   and  the  factors  have  to  he  found. 

35.  For  small  numbers  the  factors  may  be  determined 
by  inspection  : 

thus,  the  factors  of  21  are  3  and  7, 
the  factors  of  66  are  6  and  11. 

36.  When  we  have  found  two  factors  that  make  up  a 
product,  one  or  both  of  these  factors  may  be  themselves 
reducible  to  simpler  factors. 

Thus  9  and  6  are  factors  of  54  : 

and  the  factors  of  9  being  3  and  8, 
and  the  factors  of  6  being  2  and  3, 

the  number  54  can  be  spHt  up  mto  foxier  factors,  2,  8,  8, 8. 

37-  Prime  numbers  are  those,  which  have  no  exact 
dWisor  but  themselves  and  unity. 

Thus  2,  8,  5,  7,  11,  18,  17,  19  are  Prime  Numbers. 

Composite  nimibers  are  those,  which  can  be  resolved 
into  factors,  each  of  which  is  greater  than  1, 

Thus  4,  6,  8,  9,  10,  12,  14,  16,  16,  18  are  Composite 
Numbers. 

38.  Every  composite  number  can  be  resolved  into 
factors  which  are  prime  numbers  :  thus 

4  =  2X2;  6  =  2x3;  8  =  2x2x2;  9  =  8x3. 

Hence,  in  resolving  a  large  number  into  factors,  we 
divide  it  by  any  small  prime  number,  by  which  we  know 
it  is  exactly  divisible,  and  then  divide  the  quotient  by 
any  small  prime  number  by  which  it  is  exactly  divisible, 
and  proceed  in  this  way,  t5l  the  quotient  is  1  ;  then 
the  divisors  are  the  factors  required. 


}  SfiSOLtTTtON   OP  KtTMBEBS   I!7t0   FAOtOSi* 

Thus,  to  find  the  factors  of  2520  : 
2       2520 


2 

1260 

2 

630 

8 

316 

8 

106 

5 

36 

7 

7 

1 

Hence  2520  =  2x2x2x3x3x5x7, 

In  practical  arthmetic  we  seldom  reqiL/e  to  find  aJi 
the  factors  of  a  composite  number,  but  >  ery  frequently 
we  want  to  know  whether  a  number  is  e:  actly  divisible 
by  a  particular  number. 

The  student  will  find  it  of  use  to  remeiiiber  the  follow- 
ing properties  of  numbers. 

A  number  is  exactly  divisible 

by  2  when  its  last  figure  is  0  or  an  even  digit,  as  426  ; 

3  when  the  sum  of  its  digits  is  divisible  by  3,  as  579 ; 

4  when  its  last  two  figures  are  divisible  by  4,  as  2364 ; 

8  when  its  last  three  figures  are  divisible  by  8,  as  25256 ; 

5  when  its  last  figure  is  0  or  5,  as  30  and  135  ; 

9  when  the  sum  of  its  digits  is  divisible  by  9,  as  276265  ; 

10  when  its  last  figure  is  0  ; 

11  when  the  difference  between  the  sum  of  the  digits  in 

the  odd  places  (reckoning  from  the  right)  and  the 
sum  of  the  digits  in  the  even  places  is  eithei  0  or 
divisible  by  11. 
Thus  24794  and  829191  are  divisible  by  11. 


Examples-  (xr) 

Find  whether  the  following  numbers  be  exactly  divis- 
ible by  2,  3,  4,  6,  8,  9.  10  or  11. 
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1)     117.  (2)     288.  (8)     495. 

4)    1C50.  (5)     23472.         (6)     42345. 

;?)     27464.         (8)     32495,         (9)     84732. 
(10)    6480.        (11)     619182718. 
Note. — We  have  inserted  these  remarks  at  Hj    point, 
because,  in  attempting  to  resolve  a  large  number  into  fectors, 
it  is  well  to  know  whether  the  attempt  to  divide  it  I  /  2  or  3 
or  6,  &c.,  will  be  successful. 

The  student  may  now,  following  the  instructioi  ^  given 
in  Art.  88,  work  another  set  of  Examples. 


Examples,  (xvl) 

Resolve  into  prime  factors  : 

(1)      19. 

(2) 

24. 

(8) 

27. 

(4) 

82. 

6)      36. 

(6) 

<89. 

(7) 

^42. 

(8) 

6i. 

9)      M. 

(10) 

57. 

(11) 

72. 

(12) 

86. 

(13)      91. 

(14) 

99. 

(15) 

100. 

(16) 

106. 

(17)     108. 

(18) 

112. 

(19) 

132. 

(20) 

176. 

(21)     288. 
(26)    729. 

(22) 

432. 

(23) 

625. 

(24) 

625. 

(26) 

999. 

(27) 

1296. 

(28) 

1760. 

(29)     6760. 

39.  The  process  of  Multiplication  may  often  be  made 
shorter  when  the  Multiplier  is  a  composite  number,  by 
resolving  it  into  two  or  more  factors. 

Thus  if  we  have  to  multiply  2579826  by  60,  we  may 
resolve  66  into  tlie  factors  8  and  7,  and  proceed  thus, 
2579825 
8 


20638600 
7 

144470200 


The  advantage  of  tliis  method  will  be  more  apparent 
when  we  come  to  multiplication  of  sums  of  money, 
weights,  and  measures. 

Examples,    (rvii) 

Multiply,  after  resolving  the  multiplier  into  factors 
not  greater  than  12, 


m 


(1) 

847  by  14. 

6462  by  27 

SIOR. 

423  by  22. 

8497  bv  86. 

(3) 
(5) 

8673  by  49. 

(6) 

28472  by  56. 

(7) 

49273  by  63. 

(8) 

90728  by  132. 

(9) 

90726  by  360. 

(10) 

40207  bv  108.  . 

(11) 

36729  by  1320. 

(12) 

704075  by  14400 

40-  So  also  we  may  often  simplify  the  process  of 
ill  vision,  wlien  the  Divisor,  though  greater  than  12,  can 
be  made  up  by  factors  each  not  greater  than  12.  For 
we  can  divide  the  Dividend  first  by  one  of  these  factors, 
and  then  div:.de  the  Quotient  by  a  second  factor,  and  so 
on. 

Suppose  we  ha.ve  to  divide  47288540  by  45. 

Here  45  cf.n  be  made  up  of  the  factors  9  and  6. 
47268540 


6262060 


1060412 

Examples,  (xviii) 
Apply  the  process  just  explained  in  the  division  of 

(1)  84608  by  14.  '  (2)  8791040  by  15. 

(3)  752364576  by  18.  (4)  1143995886  by  27. 

(5)  285216822  by  33.  (6)  2095501072  by  49. 

(7)  4157028792  by  56.  (8)  1200130008  by  84. 

(9)  22039992  by  108.  (10)  67667632  by  132. 

(11)  472654500  by  125.  (12)  565104160  by  720. 
(13)  637062400  by  14400. 


Vn.  Inexact  Division. 

41.  Hitherto  we  have  chosen  Examples,  in  which  the 
Di">dsor  is  contained  an  exact  number  of  times  in  the 
Dividend. 

Now  suppose  we  have  to  divide  23  by  7. 

Since  3  x  7  =  21,  it  follows  that  we  can  divide  23 
units  into  3  parcels,  each  containing  7  units,  and  when 
we  have  done  this,  2  units  out  of  the  23  remain  over. 

In  such  a  0£^e  we  call  3  the  Quotient,  and  2  the 
^"maindet 
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Again,  if  we  have  to  divide  72469  by  63,  we  proceed 

63)  72469  (1867 
53 

194 
159 

856 
818 

889 
871 

18 

Hence  the  Quotient  is  1807,  and  the  Remainder  18. 

Note. — If  we  multiply  the  Quotient  by  the  Divisor,  and 
add  the  Remainder  to  the  product,  the  sum  must  be  equal  to 
the  Dividend. 


r\:-rr;;i 

Examples- 

(xixj 

1 

L/ivia 

3) 

(5) 

(7) 

(9) 

(11) 

e 

3492  by  37. 
872968  by  47. 
7492736  by  71. 
87467  by  103. 
8276253  by  728. 
48287654  by  4821. 

(2) 
(4) 
(6) 

(8) 
(10) 
(12) 

486296  by  41. 
57092  by  65. 
82749325  by  98. 
978462  by  409. 
974004562  by  1009. 
68725642908  by  6871, 

42.  When  we  employ,  in  cases  of  ineooact  division, 
tlie  method  of  short  division,  after  breaking  up  the 
divisor,  into  component  factors,  as  in  Art.  40,  the  re- 
mainder will  be  found  by  a  process  now  to  be  explained. 

Ex.  (1).  Divide  48276  by  21. 

48276 
21  " 


i; 


14425  and  1  unit  over, 


2060  and  6  parcebi  of  3  units,  or  15  units  over. 
Whence  the  Quotient  is  2060,  and  the  Bemainder  i^ 
16+1,  or  IB. 


INEXACT    DIVISION. 


Ex.  (2).  Divide  572948  by  126. 
.  5:572948 


1264  6 


114589  and  8  units  over. 


22917  and  4  parcels  of  5  units,  or  20  units  oyer. 


4583  and  2  parcels  of  25  units,  or  60  units  over 
Whence  the  Quotient  is  4683,  and  the  Bemainder  i/ 
50  +  20  +  8,  or  78. 


Exampl< 

38.  (XX) 

Divide,  employing  Short  Division, 

(1)  4153  by  16. 
3)  42818  by  18. 
(5)  724972  by  26. 

(2)  587595  by  16. 
(4)  423672  by  21. 
(6)  569024971  by  27. 

(7)  2825780  by  83. 

(9)  856599  by  48. 
(11)  230047914  by  77. 
(13)  44487  by  106. 

(8)  8642396  by  35. 
(10)  8274913  by  64. 
(12)  419421  by  99. 
(14)  95379  by  189. 

(15)     11^4477  by  210. 

43.  In  dividing  a  number  by  10,  we  have  merely  to 
mark  off  the  last  figure,  the  other  figures  giving  the 
quotient,  and  the  figure  marked  off  the  remainder. 
Thus  2460197-r-lO^: 246019  with  remainder  7. 

Again,  to  divide  42895675  by  20,  wo  might  proceecl 
thus, 

10  42395675 


2    4239567  and  6  units  over. 


2119783  and  1  parcel  of  10  units  over; 


whence  the  Quotient  is  2119788,  and  Remainder  10  +  5, 
or  15. 
But  the  operation  is  written  more  briefly  thus : 
2/014239567/6 

2119788    and  16  remahider. 
Again, 
in  dividing  by  100,  we  mark  off  the  last  two  figures, 
in  dividing  by  1000,  we  mark  of  the  la4t  tfi,ret  figures 
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from  divisor  and  dividend,  and  find  the  quotient  and 
remainder  by  a  similar  process. 

44.  If  aiiy  three  of  the  four  numbers,  that  form  the 
Divisor,  Dividend,  Quotient  and  Eemainder  be  given,  we 
can  find  the  fourth. 

1.  Let  Divisor,  Dividend,  and  Quotient  be  given. 
Multiply  the  Divisor  by  the  Quotient,  subtract  the  result 
from  the  Dividend,  and  you  have  the  Eemamder. 

2.  Let  Divisor,  Quotient,  and  Remainder  be  given. 
Multiply  the  Divisor  by  the  Quotient,  add  the  Remainder 
to  the  result,  and  you  have  the  Dividend. 

8.  Let  Divisor,  Dividend,  and  Remainder  be  given. 
Substract  the  Remainder  from  the  Dividend,  divide  the 
result  by  the  Divisor,  and  you  have  the  Quotient. 

4.  Let  Quotient,  Dividend,  and  Remainder  be  given. 
Substract  the  Remainder  from  the  Dividend,  divide  the 
result  by  the  Quotient,  and  you  have  the  Divisor. 

Examples-    (xxi) 

(1)  The  Divisor  is  25,  the  Dividend  4276,  the  Quotient 
171.     Find  the  Remainder. 

(2)  The  Divisor  is  842,  the  Quotient  1881,  the  Remainder 
67.     Find  the  Dividend. 

(3)  The  Divisor  is  696,  the  Dividend  372149,  the  Remain- 
der 245.     Find  the  Quotient. 

(4)  The  Quotient  is  2910,  the  Dividend  8765287,  the  Be- 
cnainder  817.    Find  the  Divisor. 


Viil.  Methods  of  Verifying  the  Operations  and 
some  Practical  Methods  of  Shortening  Labor  in 
the  Fundamental  Rules. 

45.  Addition.  The  usual  verification  is  to  add  both 
upwards  and  downwards,  and  see  if  the  sums  agree. 
This  is  generally  sufficient.  Another  method  is  to 
draw  a  horizontal  line  across  the  middle  of  the  sum 
and  add  it  in  two  separate  parts,  then   find  the  sum  of 
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the  two  answers,  which  must  agree  with  the  work  it  is 
to  Terify.  If  it  be  a  very  long  sum,  it  may  be  divided 
into  three  parts  by  two  horizontal  lines,  and  the  three 
separate  sums  found,  &c. 

/  46.  Subtraction,  The  correctness  of  the  result  in 
/subtraction  may  be  tested  by  adding  the  remainder  or 
(  difference  to  the  subtrahend,  when  the  result  ought  to 
\be  the  same  as  the  top  line  or  minuend. 

47-  Multiplication.  The  proof  of  multiplication  by 
easting  out  the  nines  depends  on  the  following  property 
of  numbers : — 

Any  number  divided  by  nine  will  leave  the  seme  r«- 
mainder  as  the  sum  of  its  digits  divided  by  nine,  "^ 

v^his  will  be  evident  from  the  following  example: 

6788       6000       12?        80        _8_ 
9~'^~9r+    9    +    9+9 

=  (666  -f  I)  +  (77-f-i)+  (8  -f  l+l) 

=  «««+^7+«+i+i+i+i 

=:761+i±Z±?±?L. 
9 

Hence  it  is  clearly  seen  that  the  remainder,  arising 
from  the  division  of  6789  by  9  is  the  same  as  that  aris- 
ing from  the  division  of  the  sum  of  the  digits  by  9. 

This  test  may  be  given  in  the  form  of  the  following 
rule: 
/Divide  ihs  mm  of  the  digits  in  the  Multiplicand  by  P, 

Jand  set  down  the  remainder.  Divide  the  sum  of  the  digits 
in  the  Multiplier  by  9,  and  set  dr/wn  the  remairider.  Mul- 
tiply tJie  two  remainders  together,  divide  the  result  by  9, 
and  set  down  the  remainder.  If  the  process  be  correct^ 
this  remainder  mil  be  the  sam^  as  the  remainder  obtain^ 

\  by  taking  the  sum  of  the  digits  in  the  Product  and  divide 

'  mg  it  by  9, 

For  example,  if  we  multiply  76871  by  864  the  pro- 
duct is  65220884. 
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Sam  of  digits  in  Multiplicand  =  24, 

and  24-*-9  gives  remainder 
Sum  of  digits  in  Multiplier  =  17, 

and  17-f-9  gives  remRinder 
Krst  remainder  X  second  remainder  =  48, 

and  48^9  gives  remainder  3. 
Sum  of  digits  in  the  Product  =  80, 

and  30-7-9  gives  remainder  3. 

.'This  so-called  proof  is  defective  as  a  proof  in  ths 
^following,  as  it  fails  to  detect  errors  in  the  product — 

1.  If  the  order  of  figures  in  the  product  be  raispiaced, 
as  87  for  73. 

2.  If  errors  be  made  which  counterbalance  each  other,\ 
as  85  written  for  62,  the  sum  of  digits  in  each  case 
being  the  same. 

8.    If  0  be  written  for  0,  or   0  for   9,   or  either  be") 
omitted  or  inserted  too  often.    . 

48.  Division.  To  prove  di\asion,  multiply  the  divisor 
by  the  quotient,  and  add  the  remainder,  if  there  is  one, 
to  the  product.  If  the  resiJt  is  equal  to  the  dividend, 
we  have  a  verification  of  the  first  operation.  Division 
may  also  be  proved  by  casting  out  the  .niues,  but  the 
proof  is  less  dii-ect  tlian  in  multiplication.  For  instance, 
if  we  divided  417  by  29  the  quotient  is  14  with  remainder 
11.  The  most  convenient  form  in  which  to  apply  the 
proof  of  nines  is  to  write  this  in  the  form  of  29  x  14  -j- 11 
=  417.  Tlie  remainder  gives  2x5-1-2  or  12.  This' 
remainder  and  the  dividend,  417,  divided  by  9,  give  a  • 
remainder  3,  which  therefore  proves  the  work. 

49.  Abithmetioal  Complement.  The  arithmetical 
complement  of  a  number  is  defined  to  bo  tlie  difference 
between  any  given  number  and  the  unit  of  the  next 
superior  order  ;  thus  6  is  the  arithmetical  complement  of 
4,  47  of  63,  8468  of  1582,  and  so  on,  being  the  differ- 
ences respectively  of  4,  58,  1582,  and  10,  100,  10000, 
the  raext  superior  units  of  these  numbers.  Conversely, 
also,  4,  53,  1532  are  the  strithmetic^i  CQuiplemecta  of  6, 
47,  8468  respectiTely, 
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The  arithmetical  complement  of  a  number  may  b^ 
found  by  the  following  rule  : — 

Begin  at  the  left  hand  and  subtract  every  figure  from 
9  until  the  last  ;  subtract  that  from  10. 

The  arithmetical  complement  may  be  used  to  find  the 
difference  between  two  numbers,  thus  :  if  239  be  sub- 
tracted from  576  the  remainder  is  887.  But  if  761,  the 
aritlipmotical  complement  of  289,  the  less  number,  be 
added  to  576,  the  greater,  the  sum  will  be  1337,  one 
unit  (1000  in  this  case)  of  the  next  superior  order 
greater  than  the  difference  of  the  two  numbers.  By 
remo\dng  this  unit,  the  number  will  be  left  equal  to  the 
difference  of  239  and  576  ;  so  that  the  difference  of  the 
two  numbers  can  be  found  by  addition.  The  arithmetical 
complement  may  be  written  thus  1761,  with  the  sub- 
tractive  unit  on  the  left,  which  when  added  to  576,  the 
sum  will  be  837,  the  additive  and  subtractive  units 
being  together  equal  to  zero. 

»  This  method  is  employed  with  great  advantage  to 
find  the  aggregate  of  several  numbers  when  some  of 
them  are  additive  and  some  subtractive.  Thus,  if  "w* 
have — 

3795  - 1532  -  2019+8769  -  6104 

We  arrange  them  as  follows  : — 

3795 

A.  0.  of  1532  is  18468 

"        2019  "  17981 

8759 

♦*        5104  "  14896 

3899 

the  aggregate  required. 

60-  GoNTKAOTioNS  IN  MULTIPLICATION. — The  multipU' 
cation  by  any  number  from  12  to  19  inclusive,  may  be 
effected  as  follows  : 

Multiply  hy  the  figure  cf  the  Multiplier  in  the  uniU' 
place,  and  to  the  number  to  be  carried  add  the  figure  af 
tJie  Multiplicand  just  mu>lti^li^. 
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Ex.  1.     Multiply  2884  by  19. 

2884 
19 


45296 


4X9  =  36  ;  Bet  down  6  and  carry  8. 

8x94-3  carried-|-4,  the  units  figrir«»  of  the  multiplicand 

=  79 ;  set  down  9  and  carry  7. 

8X9+7  earried-f-8,  the  tens'  figure  of  the  multiplicand 

=  42  ;  set  down  2  and  carry  4. 

2x9-|-4  carried-f-3,  the  hundreds^  figure  of  the  multipli- 
cand =  25  ;  set  down  5  and  carry  2. 

2  carried-4-2,  the  thousands'  figure  of  the  multiplicand 
=  4  ;  set  down  4. 

The  hackfigv/rt  system,  as  it  is  sometimes  called,  may 
be  extended  to  numbers  between  20  and  80,  and  be- 
tween 80  and  40,  by  adding  to  the  number  to  be  carried 
the  double  or  the  treble  of  the  figure  of  the  multiplicand 
just  multiplied. 

Ex.  2.  Multiply  84578  by  999. 

Here  34678000  =  1000  tunes  84578. 
and  84578=     1 


84548422  =  999  times  34578. 

Ex.  8.  Find  the  product  of  84578  by  699. 

Here699  =  700-1 
And  24204600  =  700  times  84578. 
84578  =      1       * 


24170022  =  699  times  8467&. 


Hence,  any  number  can  be  multiplied  by  99,  999, 
9999,  &c.,  by  annexing  2,  8,  4,  &c.,  ciphers  to  the 
multiplicand,  and  subti-acting  the  multiplicand  fi'om 
this  product.  And  in  a  similar  way  any  number  can 
oe  multiplied  by  another  composed  of  a  repetition  of 
the  figure  with  any  other  figure  in  the  Ijighest  place. 


9648287 

(878){42){7) 


7  times  the  mnltipland  =  67603009 

42  times    the  multiplicand  =r  6  ] 
times  7  times  multiplioand  =  6  i  =  406018054 
times  67508009  ) 

878  times  the  multiplicand 
=  9times  42  times  the 
mulultiplicand  =  9  times 
405018064 


8649280169549 

To  Squabs  any  Numbsb  ending  in  5. 

Square  the  6  and  write  down  the  result  ;  then  in- 
Brease  the  number  to  the  left  of  5  by  1,  and  multiply 
this  sum  by  the  number  to  which  the  1  was  added. 
Set  this  product  to  the  left  of  the  25  and  the  nuiubex 
thus  formed  will  be  the  result  required. 

Ex.  Find  the  square  of  76. 

6  squared  =  26. 
Add  1  to  7  and  multiply  by  7  and  place  the  66  to  the 
left  of  the  25.    6625  is  the  result  required. 

51.  Abbreviations  in  Division.  Since  4  x  25  is  100, 
and  8  x  125  is  1000,  the  division  by  25  will  be  effected 
by  multiplying  the  dividend  by  4,  and  cutting  off  the  last 
two  figures  from  the  product.  The  division  by  125  wiU 
be  effected  by  multiplying  the  dividend  by  8,  and  cut- 
ting off  the  last  threo  figures  from  the  product.  In  each 
case  the  figures  cut  off,  when  divided  respectively  by  4 
or  by  8,  will  be  the  remainder,  and  those  left  will  be  the 
quotient. 

Any  number  can  be  divided  by  9,  99,  999,  &c.,  by 
successively  dividing  the  given  number  by  10,  100, 
1000,  &o.f  respectively,  and  taking  the  sum  of  the 
successive  remainders  for  the  true  remainder;  except 
when  the  oujri  of  the  latter  exceeds  the  next  higher 
nmt ;  in  tl)!^,  sa&e  both  th@  quotieut  and  remainder  must 
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Ex.  Divide  65874  by  99. 

100 )  658.74 

6,58 

6 


665,39 
Here  tlie  snm  of  the  partial  remainder  is  188,  and 
both  the  quotient  and  remainder  must  be  iacreased  by 
unity.     The  reason  of  this  we  leave  as  an  exercise  for 
the  student. 

There  is  a  method  of  dividing  one  number  by  an- 
other, termed  the  Itahan  method,  which  materially 
shortens  the  process.  In  this  method  all  the  partial 
subtrahends  are  omitted,  and  only  the  partial  remain- 
ders retained  in  fhe  working. 

Ex.  Divide  108419716121  by  6788. 

6783)  108419716121  ( 18748005 

60589 


43257 
27761 
46296 
2121 

3206  final  rem. 

The  first  step  is  simply  subtraction,  giving  5068  for 
remainder.  The  work  of  the  next  step  is  as  follows  : 
8  times  3  is  24  :  4  from  9  gives  5  (which  put  dovv  J^ 
and  carry  2.  8  times  8  and  2  give  66  :  6  from  8  gives  2 
(which  put  down)  and  carry  6.  8  times  7  and  6  give 
62  :  2  from  5  gives  3  (put  down)  and  carry  6.  8  times 
5  and  6  give  46  :  46  fi"om  50  gives  4  (put  down.) 

It  sometimes  happens  that  one  has  also  to  be  carried 
from  the  subtraction.     For  instance,  in  this  case — 

6783)50581(8 
4317 
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We  say :  8  times  3  is  24 :  4  from  11  gives  7  (put  down) 
and  carry  3  (instead  of  2).  Then  8  times  8  and  3  gi^e 
67  :  7  from  8  gives  1  (put  down)  and  carry  6,  &c. 

Examination  Pa/pers. 
I. 

(1)  Express  in  words,  4237496 ;  and  ia  figures,  six  hun- 
dred and  fifty-three  thousand  eight  huadr?d  and  twelve. 

(2)  Find  the  sum  of  24753,  86729,  4237,  a'ld  80462. 

(3)  Find  the  difference  between  86293  and  78464. 

(4)  Multiply  8627  by  493,  and  50042  by  307. 

(5)  Divide  8423793  by  9,  and  2659582  by  358. 

II. 

(1)  Write  in  figures,  twenty-five  millions  two  hundred  and 
fifty-seven  thousand  six  hundred  and  thirty ;  and  in  words, 
402050407. 

(2)  From  seventeen  millions  and  seventeen  take  eight 
thousand  and  eight. 

(3)  Multiply  6549  by  4037,  and  27004  by  3700. 

(4)  Divide  32456789  by  96,  first  by  long  division  and  then 
by  short  division,  and  show  that  the  results  agree. 

(5)  Find  the  sum  of  one  million  and  six,  fifteen  thousand 
and  eleven,  one  hundred  thousand  and  ten,  and  sixty  thou- 
sand four  hundred  ;  and  divide  the  result  by  9. 

III. 

(1)  Write  in  words,  10010^201401 ;  and  in  figures,  one 
million  twenty-three  thousand  and  one.  Add  together  the 
two  numbers,  and  from  the  sum  subtract  their  difference. 

(2)  Multiply  740296  by  2089,  and  426004  by  3704. 

(3)  Divide  78297426  by  35,  employing  short  division. 

(4)  From  one  hundred  and  twenty-six  millions  four  hun- 
dred and  six  thousand  an^  three  take  ninety-five  millions 
and  four. 

(5)  Divide  the  product  of  723  and  347  by  48 

IV. 

(1)  Express  in  figures  the  number  represented  to 
MDCCCLXXXVIII.      /  ^  c  g 

(2)  Divide  987664321  by  132,  using  short  division. 
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(8)  Rof^nce  to  prime  factors  56,  78,  and  114. 

(4)  Multiply  the  sum  of  86297  and  40025  by  the  difference 
between  789  and  694. 

(5)  By  how  many  does  one  million  exceed  one  hundred 
and  one  ? 

V. 

(1)  Divide  three  hundred  and  fifty-thiee  billions  eight 
millions  nine  hundred  and  seventy-two  thousand  six  hun- 
dred and  two  by  5406. 

(2)  Multiply  8976589  by  9876. 

(3)  Resolve  into  elementary  factors  (i.  e.  prime  number^ 
40,  90,  and  126. 

(4)  Express  in  Roman  Notation  24,  47,  and  178. 

(5)  How  many  bricks  may  be  taken  away  in  24  carts, 
each  taking  500  bricks  ? 

VI. 

(1)  Explain  the  method  for  the  multiplication  of  two  num« 

bers,  each  consisting  of  several  figures,  and  multiply  30071 

by  20590,  explaining  the  reason  for  each  step  of  the  process. 

'(2)  Multiply  76894754  by  112756  in  three  lines  of  partial 

products. 

(3)  By  what  number  must  the  product  of  the  sum  andy 
difference  of  8376  and  5684  be  increased  so  that  the  result 
may  be  exactly  divisible  by  7859  ? 

(4)  A  drover  bought  527   sheep  at   $2  per  head ;  twice  as 
many  calves  at  thrice  as  much  per  head,  19  cows  at  $29  periy 
head,  and  thrice  as  many  horses  as  cows  at  four  times  as 
much  a  piece.     How  much  did  the  whole  drove  cost  him  ? 

(5)  One-half  the  sum  of  two  numbers  is  4331,  and  one-half 
their  difference  is  3353.     Find  the  numbers. 

VII. 

(1)  Eight  head  of  cattle  at  $23  each,  and  7  horses  at  $89 
each,  were  given  for  3  acres  of  land.  What  was  the  land 
worth  per  acre  ? 

(2)  If  18  men  can  reap  a  field  in  76  days,  how  long  will 
it  take  19  men  to  reap  the  same  field  ? 

(3)  A  man  bought  an  equal  number  of  sheep  and  eows  for 
$6300.  Each  sheep  cost  $3.50,  and  each  cow  $21.5a  How 
many  of  each  did  he  buy  ? 
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(4)  It  was  toTind  that  after  789  had  been  subtracted  375 
times  irom  a  certain  number  that  the  remainder  was  362. 
Find  the  number. 

(6)  The  ages  of  three  brothers  are  19,  17,  and  15  years, 
and  their  father  wills  them  his  property  worth  $35,700 
according  to  their  ages.    "What  does  each  get  ? 

VIII. 

(1)  There  is  a  number  which,  when  divided  by  4  and  the 
quotient  diminished  by  35^  and  the  result  multiplied  by  10, 
and  the  product  decreased  by  the  difference  between  the 
arithmetical  complements  of  7846  and  3479  gives  883.  Find 
the  number. 

(2)  If  5  lbs.  of  tea  are  worth  15  lbs.  of  coffee,  and  4  lbs. 
^  of  coffee  are  worth  8  lbs.  of  sugar,  how   many  pounds  of 

sugar  are  worth  75  lbs.  of  tea  ? 

(3)  Find  the  number  from  which  if  13675  be  taken  the 
remainder  will  be  45209  less  27645.  , 

(4)  A  horse  is  worth  8  times  as  much  as  a  saddle,  and 
*^  both  together  are  worth  $2v)l.     Find  the  value  of  the  horse. 

(5)  A  dealer  in  cattle  gave  $8400  for  a  certain  number^ 
and  sold  a  part  of  them  for  $3600  at  $18  each,  and  by  so 

*^  doing  lost  $2  per  head.     For  how  much  a  head  must  he  seli 
the  remainder  to  gain  $800  on  the  whole  ? 

IX. 

(1)  Any  number  may  be  multiplied  by  5,  25,  125,  &c.,  by 
annexing  1,  2,  8,  &c.,  ciphers  respectively  to  the  number, 
and  then  dividing  it  by  2,  4,  8,  &c.  Explain  the  reason  of 
this  rule. 

(2)  Of  what  number  is  99995  both  divisor  and  quotient? 

(3)  A  person  bequeathed  his  property  to  his  3  sons.  To 
the  yocngest  he  gave  $1789;  to  the  second  5  times  as  much 
as  to  the  youngest ;  and  to  the  eldest  3  times  as  much  as  to 
the  second ;  find  the  value  of  the  property. 

(4)  In  walking  a  certain  distance  John  takes  17694  steps; 
how  many  steps  will  James  take  in  walkino  half  the  dis- 
tance, John  taking  3  steps  for  every  four  of  James's  ? 

(5)  A  merchant  failed  and  his  goods  were   worth  $7770. 
^  Out  of  this  he  can  pay  his  creditors  37  cents  on  the  doUar. 

One  of  his  creditors  got  $1998  as  his  share.     Fiad  tlio  mer- 
chant's indebtedness,  and  what  he  owed  the  one  creditor. 
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(1)  In  the  multiplication  of  nnmbers,  how  dc  yon  prove 
the  correctness  of  the  operation  by  casting  out  tne  nines  ? 
Explain  and  give  reasons  for  the  role,  and  show  the  errors 
to  which  it  is  liable. 

(2)  Multiply  together  172814412  and  d87664821  in  three 
lines  of  partial  products. 

(3)  Simplify  1-2+4- 84-16- 32-f  64 -128+256 -612-f 
1024  -  2048+4096  ~  8192  + 16384  -  32768+65536  - 131072+ 
262144  -  524288+1048576  -  2097152+4194304. 

(4)  Divide  7864643457  by  9999. 

(6)  The  quotient  is  equal  6  times  the  divisor,  and  the 
divisor  to  6  times  the  remainder,  and  the  three  together 
amount  to  616 ;  find  the  dividend. 

IX.    On  the  Method   of  Finding  the  Highest 
Common  Factor  of  Two  or  more  Numbers. 

52.  A  number  is  said  to  be  a  Factor  of  another  num- 
ber, when  the  latter  is  exactly  divisible  by  the  former. 
Thus  8  is  a  factor  of  12. 

A  number  is  said  to  be  a  Common  Factor  of  two  or 
more  numbers,  when  each  of  the  latter  is  exactly  divis- 
ible by  the  former.  Thus  8  is  a  Common  Factor  of  U, 
12,  and  15. 

The  Highest  Common  Factor  of  two  or  more  numbers 
is  the  highest  number  which  will  exactly  divide  each  oi 
them. 

Thus  6  is  the  highest  Common  Factor  of  6,  12,  and 
18,  and  9  is  the  Highest  Common  Factor  of  27,  86  and 
108. 

The  words  Highest  Common  Factor  we  shaU  write 
briefly  h.  o.  f. 

For  small  numbers  the  h.  o.  f.  may  be  found  by  in- 
Bpection,  and  by  way  of  practice  the  student  may  worh 
the  following  examples,  applyii^  the  tests  of  divisihiUtj 
given  in  Art.  8§9 
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Examples-  (xxii) 
Find  the  h.  o.  f.  of 

(1)    8  and  14.  (2)  12  and  30. 

(3)    40  and  60.  (4)  36  and  90. 

(5)    48  and  144.  (6)  7,  14,  21. 

(7)    15,  27,  105.  (8)  32,  48,  128. 

(9)    16,  64,  256,  1024.  (lO)  24,  51,  105,  729. 

53.  In  large  numbers,  the  factors  cannot  often  be 
determined  by  inspection,  and  if  we  have  to  find  the 
H.  c.  F.  of  two  such  numbers,  we  have  recourse  to  the 
following  Eule : 

Divide  the  greater  of  the  two  numbers  by  the  less,  and 
the  Divisor  by  the  remainder,  repeating  the  process  untU 
no  remahid^r  is  left:  the  last  Divisor  is  the  h,  c.  p. 
required. 

Thus,  to  find  jthe  h.  c.  p.  of  689  and  1573,  we  proceed 
thus : 

689 )  1573  (  2 
1378 

195  )  689  ( 3 

585 

104)195(1 
104 

91)104(1 
91 

18)91(7 
91 

Hence  13  is  the  h.  o.  p.  of  689  and  1673. 
The  reason  of  the  above  process  depends  upon  the 
following  proposition : 

A  common  factor  of  any  two  numbers  is  also  a  factor 
of  their  sum,  of  their  difference^  and  of  any  multiples  oj 
eitner  of  them. 

Thus,  7  is  a  common  factor  of  28  and  91 ; 

7  is  also  a  factor  of  their  sum,  284*91,  or  119 ; 
7  is  alfto  9>  i^ifQv  of  tfeeir  digerence^  91 — 28  or  63» 
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lilso,  7  is  a  factor  of  6  times  91,  and  of  any  other  multiple  of  91. 
And  7  is  a  factor  of  8  times  28,  and  of  any  other  multiple  of  28. 

Any  number  which  is  a  factor  of  689  and  1573  is  a  factor  also 
of  their  difference  195, 

and  is  therefore  a  factor  of  any  multiple  of  195  —e.  g.,  686, 

and  therefore  of  585  and  689, 

and  therefore  of  their  difference,  104, 

and  therefore  of  104  and  195, 

and  therefore  of  their  difference,  91, 

and  therefore  of  91  and  104, 

and  therefore  of  their  difference,  13, 

and  therefore  of  91  and  13, 

and  therefore  since  13  is  a  factor  of  itself  and  91,  it  is  a  factox 
of  the  given  numbers  689  and  1573. 

Also,  13  is  the  Highest  Common  Factor  of  the  given  numbers, 
for  it  has  been  shown  that  any  number  which  is  a  factor  of  689  and 
1573  is  also  a  factor  of  13,  and  since  13  is  the  highest  factor  of 
itself,  it  is  the  Highest  Common  Factor  of  689  and  1573. 

In  the  preceding  proof  it  may  be  observed  that  the  quotients 
are  of  no  importance  to  the  result.  We  are  simply  finding  the 
difference  between  a  certain  number  used  as  a  dividend  and  a 
multiple  of  another  nuuiber  used  as  a  divisor.  This  multiple, 
therefore,  need  not  always  be  less  than  the  dividend,  and  it  will 
b6  sufficient  to  find  the  difference  between  the  dividend  and  the 
nearest  multiple  of  the  divisor.  Attention  to  this  will  some' 
times  shorten  the  labor.  Thus  in  the  preceding  example, 
195)689(4 
780 

91)196(8 
182 

13)91(7 
91 

Examples-  (toM) 
Find  the  h.  o.  p.  of 

(1)    884  and  1296.  (2)     2272  and  8552. 

(8)  7455  and  47223.  (4)  12821  and  64345. 

(6)  6906  and  10359.        (6)  1908  and  2736. 

(7)  49608  and  169416.      (8)  126025  and  40115. 

(9)  1581227  and  16758766.  (10)  35176  and  236845. 

54.  If  the  H.  0.  F.  of  three  numbers  be  required,  we 
first  find  the  h.  o.  f.  of  two  of  the  numbers.  Then  the 
B.  c.  F.  of  this  result  and  t-he  third  number  will  be  the 
H.  0.  r.  required. 
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For  example,  if  we  require  the  h.  o.  f.  of  851,  459, 
and  1017,  we  first  find  the  h.  o.  p.  of  851  and  459  to  be 
27,  and  then  we  find  the  h.  c.  f.  of  27  and  1017  to  be  9, 
which  is  therefore  the  h.  o,  f.  requued. 

Examples,  (xxiv) 

Find  the  h.  o.  f.  of 

(1)     16,  20,  28.  (2)     14,  42,  66,  138. 

(3)    365,  611,  803.  (4)     232,  290,  493. 

-  (6) 


(6)    492,  1476,  1763.  (6)     148,  444,  592.  703. 

X— .Lowest  Common  Multiple. 

55.  A  number  is  called  the  Afultiple  of  another  xiimi< 
ber,  when  the  former  is  exactly  divisible  by  the  lulier. 
Thus  12  is  a  multiple  of  8. 

A  number  is  said  to  be  a  Common  Multiple  of  two  or 
more  numbers,  when  the  former  is  exactly  divisible  by 
each  of  the  latter.  Thus  12  is  a  Common  Multiple  of 
2,  8  and  4. 

The  Lowest  Common  Multiple  of  two  or  more  num- 
bers is  the  lowest  number,  which  is  exactly  divisible  by 
each  of  them. 

Thus  12  i<3  the  Lowest  Common  Multiple  of  4,  6  and 
12,  and  60  is  the  Lowest  Common  Multiple  of  15,  20 
and  80. 

The  words  Lowest  Common  Multiple  we  shall  write 
briefly  l.  c.  m. 

56.  To  find  the  l.  o.  m.  of  two  numbers  we  have  the 
following  Eule. 

Divide  one  of  the  numhers  by  the  h.  o.  f.  and  multiply 
the  quotient  by  tJis  otiier  iiumherr.     The  result  is  the  l.  o.  m< 
For  example,  to  find  the  l.  o.  m.  of  24  and  86. 
The  H.  0.  p.  of  24  and  86  is  12. 

Now  24  -h  12«2. 
.'.  L.  0.  M.  of  24  and  86  =-36x2 -.72. 

Note. — The  symbol .'.  stands  for  the  word  there  fort. 

Since  12  is  the  h.  o.  f.  o(  24  and  36,  then  24  —  12X2  and  36  = 
12X3,  also  24Xae  *»  i3X8Xi2X3,  m^  obviously  the  least  com- 
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mon  mnltlple  of  the  two  numbers  will  consist  of  the  product  of 
all  the  prime  factors  in  the  two  numbers  ;  or  the  least  common 

24X36       „n 
multiple  of  24  and  36  =  12X3X2  or — jg-   =  "2. 

And  there  is  no  integral  number  less  than  72,  which  is  a  mul- 
tiple of  24  and  36. 

For  72  contains  24,  3  times,  36,  2  times,  and  3  and  2  being 
prime  to  each  other  : 

«r,.      ,        .^                     M  ^A       JM  oa~  ^^^^^>  or  the  least 
Wherefore  the  L.  o.  m.  of  24  and  36 jg — 

oommon  multiple  of  two  numbers,   is   equal  to   their   product 
divided  by  their  highest  common  factor. 

The  following  form  is  perhaps,  more  conyenient  in  practice. 

24X36         ,     36 
L.  C.  M.  of  24  and  36  =     ^^      =  24x  j^- 

The  I..  0.  M.  of  two  numbers  is  equal  to  the  product  of  either 
of  the  numbers  multiplied  by  the  quotient  arising  from  dividing 
the  other  by  their  highest  common  factor. 

Examples,  (xxv) 

Find  the  L.  C.  M.  of 

27  and  64.  (2)  88  and  108. 

633  and  844.  (4)  195  and  735. 

1000  and  2125.  (6)  8432  and  3675. 

936  and  2925.  (8)  2304  and  4032. 
)     2443  and  4537. 

57.  To  find  the  l.  o.  m.  of  three  or  more  numbers,  we 
might  find  the  l.  o.  m.  of  any  two,  and  then  find  the 
L,  0.  >r.  of  the  resulting  number  and  of  a  third  of  the 
OTi'pA&l  numbers,  and  so  on,  the  final  result  being  the 
L.  c.  M.  required. 

Tl^na  to  find  the  i..  o.  m.  of  12,  20,  86  and  64,  we 
mig-  '  nroceedthus: 

the  L.  0.  M.  of  12  and  20  is  60. 
of  60  and  36  is  180, 
of  180  and  64  is  540 ; 
,'.  the  L.  o.  M.  of  12,  20,  36  and  54  is  540. 

But  in  practice  it  is  generally  more  convenient  to  pro- 
ceed by  the  following  Rule. 

Set  dovm  the  given  numbers  side  hy  side  ;  divide  by  any 
number,  commencing  with  2,  3,  5  .  .  .  which  wiU  exactly 
divide  tiA:9  at  least  of  the  numbers  ;  set  down  the  quotients 


(3) 


48 
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ayid  tlie  numbers  that  are  not  exactly  divisible  by  th6 
divisor,  side  by  side :  and  proceed  in  this  way  till  yon  get 
a  line  of  numbers,  which  are  prime  to  one  another.  Then 
the  continued  product  of  all  the  divisors  and  the  numbers 
in  this  line  will  be  the  l.  c.  m.  required. 

Thus,  t©  find  the  l.  c.  m.  of  12,  20,  30,  64. 


2 

12,  20,  30,  54 

2 

6,  10,  15,  27 

3 

3,    5,  15,  27 

5 

1,    5,    5,    9 

1,    1,    1,    9 
.'.  L.  c.  M.  =  2X2X  3X5X9  =  540. 

The  following  is  somewhat  shorter : 

Set  down  the  numbers  in  a  line,  then  strike  out  any  theft 
are  contained  in  any  of  the  others.  Divide  those  not 
struck  out  by  any  number  that  ivill  exactly  divide  one  oj 
them;  under  any  that  it  exactly  divides,  place  the  quo- 
tient ;  under  any  which  contain  some  factor  common  to  it, 
set  down  the  quotient,  after  striking  out  this  factor  :  and 
bring  down  all  the  other  numbers. 

Proceed  in  this  way  with  the  7iew  line  ;  and  so  on,  until 
all  the  numbers  left  in  any  line  have  no  common  measure, 
but  unity.  Then  the  continued  product  of  the  nimibers  in 
this  line  and  all  the  divisors  is  the  L.  C.  M.  of  the  given 
numbers. 

Thus,  taking  the  numbers  in  Section  57  ; 
12  I  12,  20,  30,  54 
I  ^,    5,    9 

/.  L.  c.  M.  =9  X  5  X  12  =  540. 
To  find  the  l.  c.  m.  of  4,  8,  10,  12,  16,  20,  24,  25,  30. 
Again, 

12  I  ^,  ^,  ;0,  X2,  16,  20,  24,  25,  30 
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4,    ^,    ?,25,    ^ 
25X4X12=1200. 
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Examples,    (zz^) 
Find,  the  l.  o.  m.  of 

(1)     6,  9,  24,  40.  (2)  8,  12,  22,  55. 

(3)     12,18,96,144.  (4)  16,30,48,56,72. 

(5)    84,  156,  63,  99.  (6)  27,  33,  54,  69,  132. 

17,  51,  119,  210.  (8)  15,  26,  39,  65,  180. 

44, 126, 198, 280, 330.  (10)  50,  338,  675,  702,  975. 

Examination  Papers. 


(7) 


(IpSind  the  least  number  which,  divided  by  18, 16  and 
17,  gives  remainder  12  in  each  case. 

(2)  If  A,  B  and  C  walk  103950  inches  together,  how  often 
will  they  step  at  the  same  moment,  A  taking  33  inches,- 
at  a  step,  B  27,  and  C  30  ? 

(3)  How  many  rails  will  inclose  a  field  23023  feet  long  bj 
17765  feet  wide,  tlie  fence  being  straight  and  6  rails  high,^^' 
the  rails  of  equal  length,  and  the  longest  that  can  be  used  ? 

(4)  Two  cog-wheels  containing  210  and  330  cogs  respect- 
ively, are  working  together.     After  how  many  revolutions  ol^ 
the  larger  wheel  will  two  cogs  which  once  touch,  touch 
again  ? 

(5)  Three  numbers  between  30  and  140  have  12  for  theiij 
H.  0.  F.,  and  2772  for  their  l.  o.  m.     Find  the  numbers.        T 

II. 

(1)  Explain  how  to  find  the  (1)  h.  o.  p.,  and  (2)  the  l.  o.  m. 

of  a  series  of  numbers  by  resolving  them  into  their  prime 
factors. 

(2)  A  farmer  has  600  bushels  of  wheat ;  what  are  the  three 
smallest-sized  bags,  and  the  thre6  largest  bins,  holding  an  i 
exact  number  of  bushels,  that  will  each  measure  the  same 
without  a  remainder  ? 

(8)  What  is  the  smallest  sum  of  money  with  which  I  can 
buy  sheep  at  $5  each,  cows  at  $22  each,  or  horses  at  $75'^* 
each  ? 

(4)  Three  horses  are  running  round  a  race-course  of  6280 
yards  ;  the  first  horse  runs  449  yards  a  minute,  the  second  ^ 
852  yards,  and  the  third  264  yards ;  find  the  time  between 
their  once  coming  all  together,  and  their  conamg  all  together 
again. 

(6)  Find  the  least  number  which  divided  by  675,  1050,  v^ 
ftpd  4368,  will  leave  the  same  remainder  32. 
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III. 

(1)  Explain  how  you  would  find  all  the  divisors  which  s 
number  has.     Find  those  of  1800. 

(2)  The  L.  c.  M.  of  2,  8,  4,  5,  6,  8,  9,  and  another  numbei 
prime  to  them  is  10440.     What  is  this  number  ? 

(3)  How  do  you  determine  whether  a  number  is  prime  oi 
composite  ? 

Which  of  the  following  numbers  are  prime  and  which 
composite :— 3391,  2699,  14787  and  1477? 

(4)  Three  men,  A,  B,  and  C  start  together  from  the  same 
place  to  walk  round  an  island  60  miles  in  circumference; 
they  walk  in  the  same  direction,  A  at  the  rate  of  5  miles  per 
hour,  B  at  4,  and  C  at  8.  In  what  time  will  all  be  together 
for  tiie  first  time  after  starting,  and  how  many  miles  will 
each  have  gone? 

(5)  Find  the  greatest  weight,  in  grains,  that  will  measure 
both  pounds  Avoirdupois  and  pounds  Troy,  there  being  5760 
grains  in  one  pound  Troy,  and  144  lbs.  Avoirdupois  contain 
as  many  grains  as  176  lbs.  Troy. 

IV. 

(1)  Define  Factor,  Measure,  Multiple,  and  explain  when  a 
number  is  Prime  and  when  Composite.  In  what  digits  must 
prime  numbers  end  ? 

(2)  The  product  of  two  numbers  is  1270374,  and  half  of 
one  of  them  is  3129.     What  is  the  other  ? 

(8)  The  fore-wheel  of  a  carriage  was  11  feet  in  circumfer- 
ence, and  the  hind  one  13  feet.  There  being  5280  feet  in 
mile,  how  many  miles  had  a  carriage  gone  when  the  same 
spots  which  were  on  the  ground  at  the  time  of  starting, 
had  been  on  the  ground  360  times  at  the  same  instant  ? 

(4)  A  can  dig  36  post -holes  in  a  day ;  B  can  dig  32,  and 
C  80  in  the  same  time.  What  is  the  smallest  number  which 
will  furnish  exact  days'  labor  either  for  each  working  alone" 
or  for  all  working  together  ?  ~ 

(6)  How  many  firkins  of  butter,  each  containing  56  lbs.  at 
23  cents  a  pound,  must  be  given  for  14  bbls.  of  sugar,  each 
containing  276  lbs.  at  8  cents,  per  pound  ? 

T. 

d)  Explain  the  use  of  zero  ia  decimal  notation, 
«2)  Find  the   greatest   number  which   will  divide   10974 
lirjd  10386,  leaving  as  remainders  resnectivelv  64  3tk1  86. 


(8)  The  digits  in  the  anits'  and  millions'  places  of  a  nnm- 
ber  are  2  and  7  respectively,  what  will  be  the  digits  in  the 
same  plaoea  whon  999999  is  taken  from  the  number  ? 

(4)  An  avenne  3  miles  long  is  planted  with  5  rows  of  trees. 
The  trees  are  placed  in  the  different  rows  at  the  distances  ol  |  y^ 
6,  8,  9,  10  and  12  feet  respectively.     If  the  rows  start  from  ^ 
the  same  straight  line,  (1-)  how  often  will  5  trees  be  in  aline, 
there  being  5280  feet  in  a  mile  ?  and  (2)  how  many  trees 
will  there  be  in  the  avenne  ? 

(6)  A  number  is  composed  of  the  following  factors :  2* , 
8> ,  6" ,  11  and  17  ;  find  the  number. 

XI.--On  Fractions. 

68.  Nnmbers  are  the  measures  of  quantities. 

A  QuantitT/  is  anything,  which  may  be  regarded  as 
being  made  up  of  paxts  like  the  whole. 

Thus  a  sum  of  money  is  a  quantity,  because  we  may 
regard  it  as  made  up  of  parts  like  the  whole. 

To  measure  any  quantity  we  fix  upon  some  known 
quantity  of  the  same  kind  for  our  standard  or  Unit,  and 
the  NuMBKB,  which  expresses  how  many  times  this  Unit 
is  contained  in  the  quantity,  is  called  the  Measubb  of 
the  quantity. 

To  put  this  in  a  more  practical  shape,  we  give  the 
following  iliustiation :  We  measure  large  sums  of  money 
by  the  Unit  which  we  call  a  Pound,  and  when  we  say 
that  a  man's  income  is  Jive  hundred  a  year,  we  mean, 
that  be  receives  yearly  a  sum  of  money,  which  contains 
tlie  imity  five  himdred  times,  and  we  caU  the  Number 
Five  Umidied  tlie  measure  of  his  income. 

59.  N^^  we  can  conceive  that  a  unit  of  measurement 
may  be  divided  into  a  numher  of  parts  ol  equal  magnitude. 

For  instance,  if  we  take  a  Poimd  as  the  Unit,  by 
which  we  measure  sums  of  money,  we  suppose  tliis  imit  ' 
to  be  divided  into  twenty  equal  parts,  and  we  call  each 
of  these  parts  one-twentieth  of  a  Poimd ;  two  such  parts 
wili  be  two-twentieths,  three  vri)l  he  thi-ee-twentieths  of  a 
Pound.  Such  parts  are  called  Fractions  of  a  Pound,  or 
other  Unit,  and  we  give  the  following?  definition : 
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Dbf.  We  form  a  Fraction  by  dividing  a  unit  into 
some  number  of  equal  parts  and  by  taking  one  or  more 
of  those  parts. 

The  number  of  equal  parts,  into  which  the  Unit  ia 
divided,  is  called  the  Denominator  of  the  fraction,  and 
the  number  expressing  how  many  of  these  parts  are 
taken  to  form  the  fraction  is  called  the  Numseatob  oi 
the  fraction. 

These  operations  are  denoted  by  the  following  symbols : 
we  represent  a  fraction  by  writing  the  numerator  above 
the  denominator,  and  separating  them  by  a  horizontal 
line. 

Thus  f  represents  the  fraction,  of  which  the  name' 
rator  is  8  and  the  denominator  4. 

Such  Symbols  are  called  Fraction- Symbols,  or,  tot 
brevity,  Fractions. 

60.  The  symbol  ^  is  read  one-half. 
The  symbol  J  is  read  one-third. 
The  symbol  |  is  read  three-fourths. 
The  symbol  f  is  read  six-sevenths, 

and  so  on. 

61.  The  Numerator  and  Denominator  of  a  Fraction 
are  called  the  Terms  of  the  fraction. 

A  Propee  fraction  is  one  in  which  the  Numerator  is 
less  than  the  Denominator,  as  f . 

An  Improper  fraction  is  one  in  which  the  Numerator 
is  greater  than  the  Denominator,  as  f . 

In  our  explanation  of  the  fundamental  operations 
performed  with  fractions  we  shall  make  use,  as  far  as  is 
possible,  oi  proper  fractions  only. 

62.  To  show  that|=TV. 

Suppose  a  Unit  to  be  divided  into  8  equal  parts. 
Then  f  will  represent  2  of  these  parts (1), 

Next,  let  each  of  the  3  parts  be  subdivided  into  4 
equal  parts. 
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Thus  the  Unit  has  been  divided  into  12  equal  parts,  and 
^  will  represent  8  of  these  subdivisions (2). 

Now  1  of  the  parts  in  (1)  is  equal  to  i  of  the  subdi- 
visions in  (2). 

.*.  2  parts  are  equal  to  8  subdivisions, 
ana  ..^_,j-y. 

We  draw  from  this  proof  two  inferences  : 

I.  If  the  numerator  and  denominator  of  a  fraction 
be  multiplied  by  the  same  number,  the  value  of  the  frac- 
tion is  not  altered. 

Thus  |=i|,  and  TiV=AV 

n.  If  the  numerator  and  denominator  of  a  fraction  be 
divided  by  the  same  number,  the  value  of  the  fraction  is 
not  altered. 

Thus  14  =  ^,  and  ^  =  A. 

63.  To  make  the  important  theorem  established  in 
Article  62  more  clear,  we  shall  give  a  practical  proof 
that  $=7$,  by  taking  a  straight  line  as  the  unit  of 
length. 
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A  E  D  P  B  0 

Let  the  line  ^Cbe  divided  into  6  equal  parts. 
Then,  if  B  be  the  point  of  division  nearest  to  C, 

ABh*  of  AC (1). 

Next,  let  each  of  the  parts  be  subdivided  into  4  equal 
parts. 

Then  ^(/Contains  20  of  these  subdivisions, 
ind        AB  contains  16  of  these  subdivisions  ; 

.'.  AB  is  l^oi  AG (2). 

Comparing  (1)  and  (2),  we  conclude  that 

t=u- 

64.  A  fraction  is  in  its  Lowest  Terms  when  the  nume- 
fator  and  denominator  liave  no  common  factor  except 
anity : 
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Thus  f,  f,  {^  represent  fractions  in  their  lowest 
terms. 

To  reduce  a  fiaction  to  its  lowest  terms  we  have  the 
following  Kule ; 

Divide  the  Numerator  and  Denominator  by  their  h.  c.  f. 

Thus,  if  we  have  to  reduce  if  to  its  lowest  terms,  we 
know  that  9  is  the  h.  c.  f.  of  18  and  81,  and  cHviding  the 
numer  iter  and  denominator  by  9,  we  have  the  resulting 
£r  iction  ^. 

Again,  to  reduce  ^^0%  to  its  lowest  terms,  we  find  25  to  be 
the  H.  c.  F.  of  25  and  500,  and  therefore  -^-  will  be  the 
reduced  fraction. 

When  we  see,  by  inspection,  or  by  an  application  oi 
the  tests  of  divisibility  given  in  Art.  88,  that  a  factor  is 
common  to  both  Numerator  and  Denominator,  we  may 
divide  both  by  this  factor  and  reduce  the  fraction  to 
lower  term?,  without  going  through  the  process  of  find- 
iug  the  H.  c.  F. 

Thus,  to  reduce  tlie  traction  -gV/o*  we  see  that  both  terms 
are  divisible  by  10,  and  .'.   ^^^  =  -9^0' 

Now  27  and  936  are  Doth  divisible  by  9  (Art.  38^, 
and  .\  i,V6=ToT. 
Examples,    (xxvii). 
Reduce  to  their  lowest  terms  the  following  fractions  : 

(1)  U-  (2)   -fsV.  (3)  -A\.  (4)  Uh 

i^)  nn.        (6)  fifg.         (7)  mi        (s)  n^^ 
(9)  A^m-.       (10)  iHf . 

65.  Two  filictions  may  be  replaced  by  two  equiva- 
lent fractijons  with  a  Common  Denominator  by  the 
followmg  rule : 

Find  the  l.  c.  m.  of  the  denominators  of  the  given  J rac- 
tions. 

Divide  the  l.  c.  m.  hy  the  denominator  of  each  fraction. 

Multiply  the  first  Numerator  by  the  first  Quotieyit. 

Multiply  the  second  Numerator  by  the  seco7id  Quotient 
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The  two  Products  will  he  the  Numerators  of  the  equiva- 
lent fractions,  uhose  common  denominator  is  the  l.  c.  m.  oJ 
the  oriyinal  denominators. 

The  same  rule  holds  for  three,  four,  or  more  fractions. 
Ex.  (1).  Eeduce   to   equivalent    fractions   with    the 
lowest  common  denominator  |  and  \. 

Denominators  8,  7, 
L.  c.  M.  56. 
Quotients  7,  8. 
New  numerators  21,  32. 
"^  Equivalent  fractions  f  ^,  ^^. 

Ex.  (2).  Eeduce  to  equivalent  fractions  with  the 
lowest  common  denominator 


Denominators  3,  9,  72. 

If. 

L.  C.  M.  72, 

Quotients  24,  8,  1. 
New  Numerators  48,  32, 

13, 

Equivalent  fractions  f  f 

n 

f|. 

Examples. 

(xxviii). 

Eeduce  to  equivalent  fractions  with  the  lowest  com 
mon  denominator. 

(1)  f  f.          (2)  1  A  ^. 
(4)  nV  if  i^  -lYo-. 
(6)  i  1  i   -h. 

(3)  f  -f  A. 

(5)  f  if   If 
(7)  -A-    2^7   dV 

f^i^.  To  compare  the  values  of  two  or  more  fractions, 
we  convert  them  into  equivalent  fractions  with  a  com- 
mon denominator  :  then  the  comparison  of  the  values  of 
the  original  fractions  can  be  made  by  comparing  the 
numerators  of  the  new  fractions. 

Eor  example,  to  compare  the  value  of  |  |  and  ^. 

The  equivalent  h'actions  are  -||-  |f  |f- 

The  descending  order  of  value  of  the  numerators  is  63,  60, 
66; 

.*.  the  descending  order  of  value  of  the  given  fractions  is 

5         2 

7      T* 


I   -' 
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67  We  may  also  compare  fractions  by  reducing  theiua 
to  tractions  with  a  common  Numerator^  and  assigning 
the  greatest  value  to  that  one  of  the  resulting  fractions 
which  haa  the  least  denominator. 

Thus  to  compare  the  values  of 
The  equivalent  fractions  are 

8  1       8  1   «Tid  8  1 

. .  the  descending  order  of  the  given  fi-actions  is 

2  7       8  1       3 
tX      "SS      5' 

Examples,    (xxix). 
Compare  the  values  of 

(1)    -^   I    A.  (2)    4    I   I?. 

(3)     t\    if     H.  (4)     A     /tt     U. 

(5)    ^TT    A    H.  (6)    A    h    z\^ 

ADDITION  OF  FRACTIONS, 

68.  The  rule  for  adding  two  or  more  fractions  to« 
gether  is  this : 

Reduce  the  Fractions  to  equivalent  fractions  having  the 
Ijowes   Common  Denominator. 

Then  add  the  numerators  of  the  equivalent  fractions  and 
place  the  result  as  the  Numerator  of  a  fractiony  whose 
Denominator  is  the  common  denominator  of  the  equivalent 
fractions. 

The  fraction  will  he  equal  to  the  sum  of  the  origina 
fractions. 

For  example,  to  find  the  sum  of  \  and  \, 

1—4     nrirl    1  —    3 

1     I     1  _    4      I       3    _    -/ 
•  •    T  T^  4  -  T^  ^    1  2  -  r^' 

Exainples=    (xxx). 
Find  the  sum  of  the  following  fractions  : 
(1)     landf.  (2)     I  and  ,3,. 

(3)     f  A  and  ^2^.  (4)     %  ^\  and  ^. 


5 

A 

2  5 

and 

tU 

i 

i  i 

A 

and 

^?' 

A 

2 

/3 

and 

riz- 

J 

4  1 

i 

and 

t't- 

2 

3     7 

¥0  2^-r(T 

and 

1  1 
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(5) 
(6) 

(9) 
SUBTRACTION  OF  FRACTIONS. 

59.  The  rule  for  subtracting  a  fraction  from  a  greater 
f+'^sction  is  this : 

Reduce  the  /tractions  to  equivalent  fractions  having  the 
li'^'est  Common  Denominator.  Then  subtract  the  numer- 
ator of  the  smaller  of  the  equivalent  fractions  from  the 
nvmerator  of  the  greater^  ind  place  the  result  as  the  JWi- 
merator  of  a  fraction^  whose  denominator  is  the  common 
Denominator  of  the  equivalent  fractions.  This  fractwn 
wiU  be  equal  to  the  difference  of  the  original  fractions, 

Yov  example,  to  find  the  difference  between  |  and  ^ . 

^  —  5  r  '^"^  T  -  2"r' 

•      «  _  •-'  _  1  5  _  M  _    1 
••    T       3— ^T       51— !2r» 

Examples,     (xxxi). 
Find  the  difference  of  the  following  fractions  : 
(1)     $        and.|.  (2)     3      andfl. 

(3)     U      andji.  (4)     ^J    ^nd  |J|. 

(5)     \i      andV^^V  (6)     A    and  .V^, 

(7)     in    and|§f.  (8)     if  §  and  §  J. 9. 

\^)       T2¥2    ^"^  Tg^^-ff* 

MULTIPLICATION  OF  FRACTIONS. 

70.  A-  fraction  is  multiplied  by  a  whole  number  by 
multiplying  the  numerator  by  that  number  and  leaving 
the  denominator  unchanged. 

Thus  f  multiplied  by  3  becomes  ^. 

ror  eacn  oi  the  symbols  |  and  ^implies  that  a  unit 
has  been  divided  into  7  equal  parts,  and  tnree  times  as 
many  of  those  parts  are  taken  to  form  the  fraction  rep- 
resented by  the  latter  as  are  taken  to  form  the  fractioa 
represented  b\'  the  former. 
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71,  To  pr&ve  th<it  »  of  $  =r  ^^ 

i  of  f  =  » of  fi  Art.  ea 

Now  suppose  a  unit  to  be  divided  into  15  equal  part* 

Then  J  of  $=§  of  12  of  such  parts 

-  ^^  of  12  of  snch  parts  Art.  61 

—8  of  such  parts.  Art.  02- 

Bat  tt"®  ^^  ^^^  P^*"* '  ^'^^'  ^2- 

Hence  we  derive  tiie  Rule  for  what  is  called  Mdltipu- 
CATION  OF  Fractions. 

We  extend  the  meaning  of  the  sign  x  ,  and  define 
J  X  f  (which  according  to  our  definition  in  Art.  21  would 
have  no  meaning)  to  mean  |  of  ^,  and  we  conclude 
that  I  X  J  ---  1^^  which  in  words  gives  us  this  rule  : 

"  Take  the  procb/ct  o/t/ie  numerators  to  form  the  Nume- 
rator of  the  resulting  fraction,  and  tJie  "product  of  the  de- 
7U)?ninator8  to  fonn  Ui>e  Denominator." 

The  same  rule  holds  good  for  the  multiplication  of 
three  or  more  fractions 

Before  effecting  the  Multiplication,  common  factors 
should  be  removed  from  the  Numerator  and  Denomina- 
tor. It  will  be  well  for  the  learner  to  be  famihar  with 
the  principles  laid  down  in  Art.  88. 

For  example,  to  find  the  value  of  44  o^  It  ^^  li  ^^ 
proceed  thus : 

2x7x5x7x17 

6x6"x8x  17x7x7 

and   removing  common   factors  from  nimaerator  ^nd 
nienominatur, 

_s_ 

(5X5 
8 
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ExamDles  (xxxii). 
Reduce  to  their  simplest  form 


(1)4  off 

(2) 

|x4x^.. 

(3)  IfxilxM 

(i) 

84  V  1  02  vx     9  1 

(5)  iixUxUh 

(6) 

inx  fixia. 

(7)  AoffJoflJoflf 

(8) 

fHoffifof^^^V 

DIVISION  OF  FRACTIONS. 

72.  A  fraction  is  divided  by  a  whole  number  by 
multiplying  the  denominator  by  that  number  and  leav- 
ing the  numerator  unchanged. 

Thus  ^  divided  by  8  becomes  ^--j- 
For  ^  implies  that  a  unit  has  been  divided  into  7 
equal  parts, 

5^  implies  that  a  unit  has  been  divided  into  21  equal 
parts,  and  hence  each  part  in  the  former  is  three  times 
as  great  as  each  part  in  the  latter,  and  since  the  same 
number  of  parts  is  taken  in  both  cases,  the  latter  fraction 
is  one-third  of  the  former. 

73.  Tos}iowt}iat^~-^  =  ^X^. 

The  quotient  resulting  from  the  division  of  -^  by  -J  is 
^uch  a  number,  that  when  it  is  multiplied  by  the  divi- 
sor I  the  product  must  be  equal  to  the  dividend  §, 
that  is, 

f  of  the  Quotient  =  f, 

,\  \  of  f  of  the  Quotient  =  f  of  f , 

.-.  fo  of  the  Quotient  =  f  off, 

.'.  the  Quotient  =4  off, 

thatis,  t -^  ^  =  toff. 

Hence  we  obtain  the  following  rule  for  what  is  called 
DmsioN  OF  Fractions. 

Invert  the  divisor,  and  proceed  as  in  Multiplication, 

TbllQ    1  2  _i_  1  0  _  T  2  N/  3  5  ._  1  .-> 

xnus  ^ ,_. -V- ^.  -  37J- X  15" - tj .s" 
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1 

JTBACT 

iONS, 

Ezi 

implea 

.  Cxs3m} 

Divide 

(1) 

n 

by: 

^ 

r-i) 

n  by  « 

(8) 

/3\ 

bv 

gi 

(4) 

]  e 

761 

bj-  gr 

(5) 

by 

iH 

(6) 

9  I 
¥C7 

by^ 

(7) 

//ij 

by 

i%V 

(3) 

TW^byigfi 

(9) 

ifi 

4  by  ,^, 

74.  Having  now  established  the  elementary  rules  for 
operations  performed  with  fractions,  we  proceed  to 
notice  some  other  points  belonging  to  this  branch  of 
Arithmetic. 

75.  A  whole  number,  or  integer,  can  be  written  as  a 
fraction,  by  putting  1  beneath  the  number  as  a  denomi- 
nator :  thus  5  may  be  written  as  a  fraction,  thus  f . 

Also,  since  f  r:=  J/  =  ^  =  V  ^^^  so  on,  it  is  clear 
tliat  we  can  represent  a  whole  number  by  a  fraction, 
whose  denominator  is  any  whole  number  we  please  to 
select. 

76.  A  Mixed  N'umher  is  a  number  made  up  of  an 
integer  and  a  fraction,  as  4|.  This  may  be  read  thus, 
fitur  and.  two-sevenths,  and  must  be  regarded  as  the  «/m 
of  4  and  f . 

A  mixed  number  can  be  brought  into  the  form  of  an 
improper  fraction,  by  multiplying  the  integer  by  the 
denominator  of  the  fraction,  adding  to  the  product  the 
numerator  of  the  fraction,  and  makmg  the  sum  the 
numerator  of  a  fraction,  of  which  the  denominator  is 
the  denominator  of  the  original  fraction. 

Thus  43  .-^  3^0 

For  4|  =  4+  f    =r.    2^8  4- a    ==r    3^0, 

Conversely,  an  improper  fraction  can  be  reduced  to  a 
mixed  number,  by  dividing  the  numerator  by  the  de- 
nominator, sotting  down  the  quotient  as  the  integral 
part,  and  making  the  remaindfer  the  numerator  of  the 
fractional  part  of  the  mixed  number,  tlie  denominator 
being  the  denominator  of  the  original  fraction. 

Thus  V  =  S^ 
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For  y  _-  ^1  +4  -^  »J  -4-  ♦  =  8 -1-  *  =  St. 

fjxamples-  'xxxivi 
Convert  into  improper  fractions 
(1)     74         (2)     23}«        (3)     2161 J         (4)     173  .if^ 
and  into  mixed  numbers 

77.  The  rules  for  tlie  Addition,  Subtraction,  Multi- 
plication, and  Division  of  Fractions  are  applicable  to 
Improper  Fractions. 

Tinna    7_L.13  3.s   4-26  —  61  q    l 

iUU8    ^  i-    j^  :=  ^^    -r      jQ    Tj-jj  cJjg. 


117    .    9  1   _  1 1  T  y  3  3  _      9Xl^Xl  jXS        ^     9X3        _     2  7 
TTU  "^3^5  —  TrO-  ^TT  11x10x7x13  10x7  TV 

78.  In  the  application  of  the  rules  to  Mixed  Numbers. 
we  'inay  in  all  cases  change  the  Mixed  Numbers  into 
Improper  Fractions,  and  proceed  as  in  the  foregoing 
Examples.     In  Division  we  miLgt  proceed  thus. 

For  example, 

46^.103   —  41.  L? 3  —  *^v  10  10 

lb  -  12y  =    Y    -^Tf    —    T^^¥— 4  ^i* 

In  Multiphcation  it  is  usually  the  best  course :  thon 

7|  X  54.  =  y  X  V  =  ^_AX11  :==  .2|_9  ^  42| 

In  Addition  it  is  often  advantageous  to  proceed  fchua  ? 

4|-r-oi  =  4-f  §4-3-^* 

=-7-flA 
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and,  similarly,  vvnen  three  or  more  nnmoers  are  to  he 
added,  we  may  separate  the  fractions  from  the  integers, 
and  make  a  distinct  operation  for  each  class. 

In  Subtraction  we  can  employ  the  same  method,  but 
ft  little  care  is  necessary.     Suppose  we  have  to  take 
8f  from  4| 

Reducing  ih^  fractional  parts  of  the  numbers  to  equi- 
valent fractions  vrith  a  common  denominator,  we  have 
8^^  and  4^ 

We  can  now  take  the  integi-al  part  of  the  first  num- 
ber from  the  integral  part  of  the  second,  and  the  frac- 
tional part  of  the  first  from  the  fractional  part  of  the 
second,  and  we  have 

But  suppose  we  have  to  take  3|^  from  10 1 

Since  f  =  ffandf  =  i| 

f  is  greater  than  ^ 
and  we  cannot  take  away  the  fractional  part  of  3||  from  the 
fractional  part  of  10^^. 

We  escape  from  the  difficulty  by  the  device  of  adding  unity 
to  each  exprpssion,  to  3|f  in  the  form  of  1,  and  to  10^  in 
the  form  of  |f . 

Tims  10||  -  3|«  -  10  *  J  -  4|4  =  6|* . 

Take  another  illustration  of  a  practical  nature. 

From  6|<i.  take  away  8f  d. 

We  add  four  farthings,  i.e.,  $  of  a  penny,  to  the  for- 
mer Aum,  and  1  penny  to  the  latter,  and  reason  thus : 

6K  -  did.  =  5^d.  -  Aid.  =  lid.  =  l^d 
Examples,   (xxxy 
Simplify  the  following  fractions  : 


(1) 

^^^      ..2) 

Si^Q\ 

(8)     104J-58/^ 

(4) 

6|x9|           (^) 

U  X  d-^j 

(6)     9t-\x19| 

(7) 

52i  +  3i 

(8) 

SH6tV  +  1A 

(9) 

16| +  41  +  17^1 

(lo; 

H-2i 

^11) 

IH-H 

a-^) 

6^-5^, 
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The  following  examples  should  be  carefully  noticed. 

I.  From  17  take  4-:*^. 

17-4^=16  +  1  —  4-,^  =  16  —  4  +  1  -  -2^. 
=  12  +  M=12H. 

II.  From  317  take  iV, 

317  —  -A-  =  316  +  1  —  -A  =  316  +  U  =  316fS. 

III.  Multiply  T-VoV  ^y  397. 
Since  jVVg  =  1  —  To^oo 

397  X  AVo=  397  -  iWo  =  396  +  1  -  AVd 
=  396  +  ,%%\  =  396^-%^. 

79.  A.  Compound  Fraction  is  defined  to  be  the  frac 
fcion  of  a  fraction. 

Thus  I  of  f ,  and  f  of  2^  of  5f  are  compound  fractions 

They  are  reduced  to  simple  fractions  by  the  pjocess 
of  Multiplication. 

Thus  I  of  2i  of  5f  =  i  X  I X  V  =  lil^l  =  f?f  =  8tf  §. 

80.  A  Complex  Fraction  is  one,  of  which  the  Nume- 
rator or  Denominator  is  itself  a  fraction  or  mixed 
number. 

^      2  4f 

Thus    -„     T  and    -ty  are  complex  fractions. 

They  are  reduced  to  simple  fractions  by  the  process 
of  Division. 

Thus   |=^|-f.7  =  f--i=:|x|=A 

aud   I  =  2  --  I  =  T  X  I  =  Y  =  3|. 
Examples,    (xxxvi). 
Simplify  the  following  fractions : 
(1)  f  of5iof74-, 

(3)  i  of  2^  of  2f  of  90. 
14 


(2)  4f  oflHofl3. 

f4)  1                      (5) 

6* 

30i 

16f 

(7)     if                 (8) 

1l 
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Tu2  Highest  Common  Factor  and  the  Least  Common 
MuLT.pi.E  OF  Fractions. 

81.  Tlio  H.C.F.  or  L.C.M.  of  fractions  can  be  readily 
found  by  considering  tbat  the  denominator  is  simply  the 
name  of  so  many  units  represented  by  the  numerator. 
No  difficulty  is  ever  experienced  in  finding  the  H.  C.  F. 
or  L.  C.  M.  of  $12  or  $16,  or  of  12  apples  and  16 
api-les.  In  fractions  the  name  is  written  under  the 
number  representing  the  collection  of  units  of  that 
name. 

Thus  to  find  the  H.  C.  F.  of  .^1  and  ^f,  proceed  as  in 
wiiole  numbers  ;  find  the  H.  C.  F.  of  12  and  16,  wiiicli 
is  4,  and  call  it  by  its  name,  which  in  this  case  is  thirty- 
sixths.     Hence  the  H.  C.  F.  is  -5%-. 

Similarly  to  find  the  L.  C.  M.  of  l^f  and  ^ff,  find  the 
L  C.  M.  of  12  and  16,  which  is  48,  and  call  it  by  its 
proper  name.  Hence  the  L.  C.  M.  is  ||.  Hence  to 
find  the  H.  C.  F.  of  fractions  we  have  the  following 
rule  : 

Change  them  to  others  having  the  same  name  or  denomi- 
inator,  and  find  the  H.  C.  F.  of  their  numerators.  This 
placed  over  the  common  denominator  will  he  the  H.  C.  F.  oj 
the  fractions. 

To  find  ohe  L.  C.  M.  of  fractions  :  Change  them  to 
ottiers  having  a  common  denominator,  and  find  the  L.  C.  M. 
of  the  numerators.  This  placed  over  the  common  denomina- 
tor will  he  the  L,  C.  M.  of  the  fractions. 

The  following  is  somewhat  shorter  :  Find  the  L.  C.  M. 
of  the  numerator's,  and  binder  this  place  the  II.  C.  F,  of  the 
denominators  of  the  fractions.  The  resulting  fraction  will 
he  the  L.  C.  M.  required. 

Examples  (xxxvii). 
Find  the  h.  0.  r.  of  the  following  fractions  : 
(1)  I  and  |.  (2)  U  ^^^  1%%^ 

(3)  i  3i  41-  and  5f. 
W  f  f  il  H  and  5i. 
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Find  the  l.  o.  m.  of  the  following  fractions  : 

(6)  f  and  f  (6)    2i  and  7^ 

(7)  4|   D|  and  8,*, 

(8)  i  of  2J  of  jj  and  3  of  -^-  of  2i 

OA"  TH^  USE  OF  BRACKETS. 

82.  Wlien  an  expression  is  inclosed  in  a  bracket  ( ), 
it  is  intended  to  show  that  the  whole  of  the  expression 
is  affected  by  some  symbol,  which  precedes  or  follows 
the  bracket. 

Thus  24  X  (3^  +  71)  means,  that  24  times  the  sum  cf  the 
numbers  3^  and  7}  is  to  be  taken,  which  we  may  effect  by 
combining  3^  and  7|^  by  addiiion,  and  multi inlying  the  result 
by  24. 

Again,  2^  -^  (4f  —  2^)  eignifies,  that  2-^  is  to  be  divided  by 
the  difference  between  4^  and  2 A  ;  and  thereiore  the  resuljt 
will  be 

2|  -J-  2^         or  V  -  I         or  V  x  |         or  | « 

And,  generally,  we  may  say,  that  v/hen  numbers  are 
included  in  a  bracket,  the  expression,  within  the 
bracket,  must  be  brought  into  the  simplest  form,  before 
combining  it  with  expressions,  not  in  the  bracket. 

83.  The  methods  of  denoting  a  bracket  are  various  ; 
tlius,  the  mjirks  [  ]  and  {  }  are  often  employed. 
Brackets  are  made  to  inclose  one  another,  as  in  the  ex- 
pression 

8^[2+3-f-{4+5-f-(2+^)[] 
In  removing  snch  brackets  it  is  best  to  commence 
with  the  innenno&iy  and  to  remove  the  brackets  one  by 
one,  thus 

3_^r2-f-3--|4+5--(2+i)}] 

-3-- [2+3-- {4+5-^}  J 
=3--[2+3^-{44-V}] 

=-3-~[2-f3-r-V] 

-=3-i2+|]j 
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We  have  worked  out  tins  example  at  length  because 
it  will  teach  the  learner  how  to  simplify  with  neatness 
a  pecuHar  class  of  fractions  called  Continued  Fractions, 
which  appear  in  a  form  like  the  following  : 
1 

4  +  ^^- 


O 9 

^         TT 


This  fraction,  by  the  aid  of  brackets,  may  be  repre- 
sented thus, 

lH-[4  +  l-{l-l-H(2-^,)}]. 
and  then  we  can  simplify  it  by  the  gradual  removal  of 
the  brackets,  the  final  result  being  /y. 

84.  There  is  another  method  of  simplifying  Complex 
and  Continued  Fractions,  which  we  may  explain  by  the 
following  examples : 

Ex.  (1)     To  simplify  --L.. 

Multiply  all  the  terms  of  the  fraction  by  7,  and  it  becomes 

__3_5_  3  5 

14  +  3     "^    TT* 

Ex.  (2)     To  simplify  —J— . 
Multiply  the  terms  by  30,  and  we  get 


20 


or 


00 


1  60  +  9    ^'-    T5¥' 

Ex.  (3)     To  simplify  f-^- 
Multiply  all  the  terms  by  42,  and  we  get 
^^  ~  ^^  or  i^  or  i. 


35-15        '"        ^ 

^  +  9  +  ^ 

3                3                   195 

196 

4          3  +  U  ~  195  +  28  ~ 

■  2J3' 
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**x.  ^o;     To  simplify  i^-^— -— 


1  -f 


1.       ' 


1   +  ^ 
1  1  5 


Examples     (xsxviii). 
Simplify  the  following  fractions  : 


85.  If  two  brackets  sJiand  side  by  side,  with  no  sign 
between  them,  as  (§  +  |)  (g--?)  it  is  implied  that  the 
ontents  of  one  bracket  are  to  be  nndtiplied  by  the  con- 
tents of  the  other. 

The  following  examples  are  selected  as  containing 
peculiar  forms  of  symbolic  representation,  which  should 
be  carefully  noticed. 

(1)  5  +^of|-^. 

Tlie  first  step  here  is  to  tako  the  prodiict  of  $  and  J,  bo 
that  the  expression  bacomes  }  +  ^'j  —  to  »  then  add 
the  first  two  fi-actious  together,  and  take  ^%  from  the 
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(2)     I  +  ^of(|  -t'o). 
Fir.st  t  ike  tlio  difference  of  |  and  j"^,  multiply'  the  ro?iilt 
b^*-  ?,  and  add  the  product  to  |. 

Fii-st  sUnplifj'  §  x^,  the  result  being  ^. 
Then  divide  j^  by  ?,  the  result  being  A  XJ    or  |S. 
(4)     I-T-1X?. 

First  simplify  I  -^  5,  the  res(Ut  being  |X|,  or  |. 
Then  muitiply  §  b^'  ?.  the  result  being  ?. 
Examples,    (xxxix). 
Simplify  the  following  expressions  : 
(1)     3|-(2i  +  lf)  (2)  (4,\-|.2J)-35§ 

2  1 


(3) 

1+      ^__ 

^7  +  1 

3 

5 

(5) 

6 

4      

7  +  1 

(7) 

iof-a+3-f-i 

(9) 

(|-A)(25+8i 

m 

(2+i)H-(3  +  |) 

(6)     l  +  fof/,-/, 

(8)     (ll-^-?)of7A-l| 

(10)       (f^-^g)-(7\  +  Tlir 

(3.|-2.0^t  of  I 

86.  We  shall  conclude  this  Chapter   with  a    83fc  oi 
Miscellaneous  Examples  on  Fractions. 

Examples,   (xl). 

(1)  Add  together 

(2)  Add 

§  of  f  to  f  of  2t 

and  multiply  the  result  by 

(J  of  I) -(54-1) 

(3)  Subtract 

I  of  ^  from  li  of  I 

and  divide  the  result  by 

(I~^,)-(l-S) 


1  7     '5         S      :3:     15 
31?    1?    4?     5  5    3B 


..jiov.1.  .i..i.>i.^oo    ^XAxUPLES    l.\    FRACTIONS.  69 

(4)  Simplify  the  fractious  22^  y.s^i^c  ^nd  find  their 
product. 

(5)  Divide  the  product  of  3|  and  3f  by  the  produ 
of  14  and  l^f. 

(G)  Multiply  together  the  fractions  of  4 1  2|  and  add 
the  result  to  41  + 3i. 

(7)  Multiply  the  difference  between  f|  and  fgj  by 
the  sum  of  -i^^  and  1 1 ;  and  multiply  the  result  by  the 
difference  between  10^  and  5|. 


(8)  Simplify 

201 
(3  +  7)36.^2^ 

(9)  Simphfy 

divided  by 
(10)  Simplify 

(11)  Simplify 

divided  by 

(12)  Simplify 

^r-^^r  and  (?  of  V«,). 

.    2? 
■    3J 

'    (13)  Simplify 

-1-             and  _L 
4       ^                               1 

1--A       1-2- 

9 
TY 
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(14)  Simplify 

77+^  and (5  of  2^)^^ 

(15)  Simplify 

(IG)   Simplify 

1  1 


X  /g-  of  7  and  — r^  +10| 

g  _       -^  ^ i 

(17)   Simplify 

18-11^^  +  10^-9^7  X  rrOf3G5. 
(^18)  Simplify 

J-^  V    5  ^  7  w  «  3    _!_  A  I  T)  y  -j  2  3  ^  9  5    _L  1  1  t. 

/  19)  Simplify 

^V  of  6|^of  2^l-^^^xSU~^U     ,, 

^20)  Simplify 
19 

8 

7x 


x^Vt%V-(1A-H) 


3-lf 

(21)  Simplify 

1 

I       II       v4»R2.^n]         2S\ 
2         X   :fT4"T    •     \^-2~-5-^J 

(22)  Simplify 
_7___6_  1 

^     ^     '^      ¥  7— 5Tr 

4        _^    ^    "        __!__ 

'      T      ^      S  2  -  -g-T 
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(£3)  Simplify 
2  3 

~'-~^^  X 
8  1       ^ 


2         1  1  _   1  9 


2-i     *-|         H-^     6|-2rV 
Exatnination  Paper'' 
I. 

^1)  Explain  liow   to  reduce  a  mixed  number  to  an  im- 
proper fraction  and  show  the  reason  for  each  step. 
J      (2)  Bouglit  18|  yards  of  silk  at  $2^-  a  yard,  and  27^  lbs.  of 
cheese  at  S-/y  pen-  lb. ;  how  much  money  did  I  spend  ? 

(3)  How  many  times  does  the  sum  of  12 1-  and  8|  contain 
llieir  diiierence  ? 
y'    '  (4j  B  who  owns  i\  of  a  sliip,  sells  i  of  his  share  for  $3600  ;V 
what  is  the  ship  worth  ? 

(5)  Tiiere  are  two  numbers  whose  sum  is  4^  and  whose 
difference  is  2f  ;  hnd  the  numbers. 

(1)  WJiat  is  ineant  by  expressing  one  number  as  the  frac- 
tion of  anotlier  ?     Explain  how  to  express  3^^  as  the  fraction  / 
of  9^. 

(2)  How  may  the  relative  magnitude  of  two  or  more  frac- 
tions be  compared  ?  Arrange  the  fractions  f  j>  aV^  If*  Hj  in 
the  order  of  magnitude. 

(3)  Add  togetlier  ^},  -Pfy  and  riy,  and  find  what  is  the 
least  fraction  with  denominator  1000,  which  must  be  added 
in  order  that  the  sum  may  be  greater  than  unity. 

(4)  Show  that  the  value  of  3^f  lies  between  f  and  f . 

^     (5)  A  ship  and  her  cargo  are  valued  at  $60,000,  and  f  ol 
^  tlie  value  of  the  ship  is  equal  to  ^  of  the  value  of  the  cargo ; 
find  the  value  of  each. 

III. 

(1)  Define  Numerator  and  Denominator,  and  explain  wli} 
they  are  appropriately  applied  to  the  terms  of  a  fraction. 

(2)  If  f  of  ^  of  2^  bbls.  of  flour  is  worth  $7^,  what  is  th< 
"     value  of  2.^-  bbls.  ? 

(3)  If  any  number  of  fractions  be  equal,  then  any  of  th3n.\ 
13  equal  to  ths  fraction  whose  numerator  is  equal  to  the  suiii. 
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of  all  the  numerators,  and  whose  denominfck»r  is  equal  to  the 
,_^  sum  of  all  the  denominators.  Exemplify  tins  in  the  case  of 
yT^    six  equal  fractions. 

--   1#     (4)  Add  together   ^,   5,   |,   and  |,  and  subtract  the  sum 
\Jr^i'om  2 ;  multiply  the  difference  by  |  of  t&  of  88,  and  find 
what  fraction  the  product  is  of  909. 

(5)  A's  age  is  -1^0  of  B's,  and  B's  is  j-  of  C's,  and  C  12  years 
ago  was  72 ;  what  are  their  respective  ages  ? 

(1)  Before  adding  fractions  togetlier,  why  is  it  necessary 
to  change  them  to  others  having  the  same  denominator  ? 
,     (2)  What  nmnber  must  be  taken  from  17^  so  that  it  may 
\f  contain  3f  an  exact  number  of  times  ? 

(3)  There  is  a  number   which    divided    by  8yV>  and  the 

2i 
quotient  increased  by  2f  and  the  sum  multiplied  by  -^,  and 

the  result  diminislied  by  ^  of  }  of  14;}  gives  2|.     Find  the 
number. 

(4)  A  bought  a  horse  and  carriage  for  $225,  and  paid  for 

2^ 
W     the  harness  j^  ot  what  he  paid  for  the  horse.     The  carriage 

cost  I  of  the  value  of  the  horse.     What   was  the  price  of 
eacli  ? 

(5)  Divide  18883  among  A,  B,  and  C,  so  tliat  A  may  re-  ^ 
r    ^-^ceive  $88  less  than  3  times  B's  share  and  C  $176  more  than  "^ 

one  half  of  A  and  B's  shares. 

V. 

(1)  Explain  each  step  in  the  process  of  reducing  a  complex 
fraction  to  a  simple  one. 

(2)  Simplify  31-  X  3^-  X  3^- 1  divided  by  3|  X  31-- 1. 

(3)  What  is  the  smallest  sum  of  money  with  which  A  can 
\/    purchase  sheep  at  $4^  each,  calves  at  $5^  each,  or  pigs  at 

1 2 1- each;  and  how  many  of  each  can  be  bought  with  this 

Slim  ? 
,       4       (4)  John  spent  $80  less  than  f  of  his  money  at  one  time, 
^  ^     and  at  anotlier  $40  more  than  ^  of  the  remainder  and  now 
^     has  $40  left.     How  much  had  he  at  first  ? 

(5)  One  fourth  of  -^  of  the  length  of  a  pole  is  in  the  mud  ; 

V*     two-thirds  of  the  remainder  is  in  the  water  and  there  are  Bh 
feet  in  the  air ;  what  is  the  length  of  the  pole  ? 


) 
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VI. 

(1)  Shov/  that  i  ^  f  ==  ^1  X  t 

(2)  Find  tlireo  fractious  wliose  numerators  shall  be  3,  5, 
7,  respectively,  and  their  sum  equal  to  unity. 

(3)  From  the  sum  of  3^  and  4|  subtract  6f,  multiply  the  1-^ 
difference  by  2^,  and  divide  the  product  by  4f. 

(4)  A  sold  a  watch  for  ^  more  than  it  cost  him  to  B,  who /^ 
roul  it  to  C  for  $36,  -^vliieli  was   ^  less  than  it   cost  liim.^'^ 

NvHiat  did  the  watch  cost  A  ? 

(5)  There   are   three   rooms   21§.  18|,  and  175  feet  long 
'c-spectively.     Find  the  lon.£,'est  plain  ruler  with  which  the  *' 
three  rooms  can  be  measured. 

VII. 

(1)  Give  a  definition  of  multiplication  that  will  apply  to 
fractions. 

(2)  A  person  dies  worth  $40000,  and  leaves  i  of  his 
property  to  liis  wife,  h  to  hi?  son,  and  the  rest  to  his  daugli- 
ter.  The  wife  at  her  denth  leaves  I  of  hor  legacy  to  the 
son  and  the  rest  to  the  dau<,diter;  but  the  son  adds  his  for- 
tune to  his  sister's  and  jj^ves  her  ^  of  the  whole.  How 
much  will  the  sister  gain  by  this?  and  what  fraction  will 
her  gain  be  of  the  whole  ? 

(3)  One  half  of  a  population  can  read  ;  g^-  of  the  remain- 
der  can  read  and  write  ;  --^s  of  the  remainder  can  read,  write*  -^ 
and  ciplier,  while  the  rest,  243G00,  can  neither  read,  write 
nor  cipher;  what  is  the  population. 

(4)  Three  men.  A,  B,  C,  rulT  round  a  circle  in  5,  6,  and 
7^  minutes,  respectively.  If  they  start  from  the  same 
point  at  the  same  time  and  run  in  the  same  direction,  how 
long  will  they  run  before  tliey  are  all  together  again  ?  and 
liow  often  will  each  have  gone  round  it? 

(5)  A  owned  |  of  a  ship,  and  sold  |  of  his  share  to  B,  who 
sold  i    of  what  he  bought  to  C,  wlio  sold  i^  of  what  he  * 
bought  to   J) ;    what  part  of  the  whole  ship  did  each  now 
own? 

VIII. 

(1)  Wliat  are  the  advantages  in  arithmetical  operations  of 
employing  fractious  expressed  by  the  smallest  number 
possible  ?  State  how  fractious  expressed  by  large  numbers 
may  be  reduced  to  eipiivaleut  fractions  expressed  by  smaller 
"lumbers.     Is  tliis  always  possible  ? 


^ 
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y     (2)  Is  -r^i  more  nearly  equal  to  \  or  to  3^  -1'h%  ^ —;  of  2^-  - 
1|  and  by  how  much  ?  f 

>  (3)  Of  the  sovereigns  who  have  reigned  in  England  since 
the  Norman  conquest,  there  are  -ith  of  one  name,  |ths  of 
another,  y^  ^f  another,  -^  of  each  of  two  others,  and  -j^^  of 
each  of  three  others,  and  there  are  5  besides ;  find  how 
many  sovereigns  have  reigned  in  England  since  the  con- 
quest.    V 

(4)  Three  horses  start  from  the  same  point,  and  at  the 
same  time,  upon  a  race  course  300  rods  in  circuit ;  the  first 
liorse  passing  over  \  the  circuit,  the  second  f ,  the  third  ^,  in 
a  minute.  In  liow  many  minutes  will  they  all  be  togetlier 
again,  and  how  far  will  each  have  travelled  ? 

(5)  Divide  the  difference  of  13;^  -j-  {(2f-2Ta^)  X  1|}  and 
13-^  ^  (2S  -  Ui)  X  I7*  by  \^\~^J\-  2,^-  X  If 

XII.— Decimal  Fractions. 

87.  The  multiples  of  10  are  10,  20,  30,  40,  60,  and 
so  on.     (Art.  39.) 

The  Powers  of  10  are  10,  100,  1000,  10000,  and  so 
on,  and  these  are  called  the  first,  second,  third,  fourth 
powers  of  10.     (Art.  27). 

88.  A  Fraction,  which  has  for  its  denominator  one 
of  the  Powers  of  10,  is  called  a  Decimal  Fraction,  or 
for  shortness  sake,  a  Decimal.  All  other  fractions  are, 
by  way  of  distinction,  called  Vulgar  Fhactions. 

89.  To  save  the  trouble  of  writing  the  denominators 
of  decimal  fractions,  a  method  of  notation  is  used,  by 
which  we  can  express  the  value  of  the  denominator  in 
every  case. 

This  method  will  be  best  explained  by  the  following 
examples  : 

•3  stands  for  i^,  and  is  read  thus,  three-tenths. 
•25  stands  for  -f-J^,  and  is  read  tlius,  iwenty-Jive  hundreths. 
•347  stands  for  iWiT*    and  is  read  thus,  three-hundred  and 

forty-seven  thousandths. 

The  figures  which  follow  the  Point  •  are  those  which 
form  the  Numerator  of  the  frs-stion  in  each  ciLse. 
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The  number  of  the  figures,  which  follow  the  Point, 
corresponds  to  the  number  denoting  the  particular 
Power  of  10,  which  forms  the  Denominator  of  the  frac- 
tion in  each  case. 

Now,  as  the  first  power  of  10  is  1  followed  by  one 
zero,  and  the  second  power  of  10  is  1  followed  by  two 
zeros,  and  the  third  power  of  10  is  1  followed  by  three 
zeros,  and  so  on,  we  can  in  every  case  write  the  denomi- 
nator, by  aftixing  to  1  a  number  of  zeros,  equal  to  the 
number  of  figures  that  follow  the  Point. 

Tims,  -426789  stands  for  -jVoVo^oV 
six  zftros  being  affixed  to  the  1,  because  the  number  of 
figures  that  follow  the  Point  is  in  this  case  six. 

Again, 

•07  stands  for  -pj^ 
•005  stands  for  xwuif 
•00025  stands  for  j-owijo- 
the  -zeros,  which  come  between  the  Point  and  the  fig- 
ures 7,  5,  and  25,  not  being  set  down  in  the  numerators 
of  the  fraction,  as  having  no  effect  on  the  value  of  the 
numerators,   seeing  that  07  and  7   stand  for  the  same 
number,  and  that  005  and  5  stand  for  the  same  number. 

But  these  zeros  affect  the  value  of  the  denominators, 
as  for  instance 

.7  =  j\  while  -07  =  jI^  and  .007  =  j^-^jj 

99.  Zeros  affixed  to  a  decimal  have  no  effect  on  its 
value :  that  is, 

•7,  -70,  -700  are  all  equal : 

for  -7  =  A" 

•700—     7  00     _:7  0     _|7 

91.  The  method  of  representing  Decimal  Fractions 
li  merely  an  extension  of  the  method,  by  which  Integers 
are  represented,  as  will  be  seen  from  the  following  con- 
siderations. 

As  iijc  local  value  of  each  digit  increases  tenfoia,  as 
we  advance  from  right  to  left,  so  does  the  local  value 
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of  each  decrease  in  tlie  same  proportion  as  we  advance 
from  left  to  right. 

If,  then,  we  affix  a  line  of  digits  to  tlie  rignt  of  the 
units'  place,  each  one  of  these  having  from  its  position 
a  value  one-tenth  part  of  the  vahie,  which  it  would 
have  if  it  were  one  place  farther  to  the  left,  we  shall 
have  on  the  right  hand  of  the  units'  place  a  series  of 
fractions,  of  which  the  denominators  are  successively  10, 

100,  1000, while  the  numerators  may  be  any 

numbers  between  9  and  zero 

Thus  246-4789 

=  2  X  100  +  4  X  10  +  6 +tV  +  T^i7  +  tAh  +  TTiwir 

92.  A  number,  made  up  of  an  integer  and  a  decimal, 
as  4  5,  may  be  expressed  in  a  fractional  form,  by  writ- 
ing as  the  Numerator  all  the  figures  in  the  number,  and 
as  the  Denominator  1  followed  by  as  many  zeros  as 
there  are  figures  after  the  point. 

Thus,  4-5  =  4f 

for  4-5  =  4  +  -h-  =  n  +  nV  =  If 

Again  14-075  =  \\^i^- 
for  14-075=  14  +  tUo  -  Yo%V  +  jifir  =¥oW 
Examples,    (xli). 

Express,  by  means  of  fraction- symbols  in  their  lowest 
terms, 

(I)  -5  (2)  -25  (3)  '75  (4)  -375 

(5)  -00243         (6)  -0000725         (7)  14-8  (8)  104.235 

(9)  50-0004  (10)  100-001 

Express  in  the  abreviated  form 

(II)  A  (12)  ^%\  (13) 

(14)  tAtt  (15)  H^oF  m 

(17)  T^mU  (18)  \IUU  (19)  tijVW 

93.  We  call 

•5,       3-7,         15-9      decimal  expressions  of  the  >irs<  order, 
•25,     4-39,     143-73    dechnal  expressions  of  the  6cro?id  order, 
•043,  5-006,     27-009  decunal  expressions  of  the  third  order, 
the  number  of  the  order  depending  on  the  number  of 
figures  ihsX.f allow  the  point. 


45  7  9 
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The  nnmber  dccoting  the  order  Mve  call  the  Index  of 
the  order :  thus  1  is  the  index  of  the  Jirst  order,  2  of 
tlio  second  order,  and  so  on. 

94.  From  what  is  stated  in  Art.  90  we  learn  that  a 
decimal  of  any  order  may  be  made  into  an  eqmvalent 
decimal  of  a  fdg/ier  order,  by  affixing  one,  two,  three 
zeros  according  as  the  index  of  the  higher  exceeds  the 
index  of  the  lower  by  1,  2,  3. 

Thus  '43  may  bo  made  into  aa  equivalent  decimal  of  the 
fifth  order,  by  affixing  three  zeros,  thus,  '43000, 
and  '047  may  be  made  into  an  equivalent  decimal  of  the 
■(.ventJi  order,  by  affixing /owr  zeros,  thus,  •04700OJ. 

ADDITION'  OF  DECIMAL  FRACTIONS, 

95.  To  add  -27  to  -45  we  might  proceed  thus, 

But  we  obtain  the  same  result,  if  we  set  down  the 
decimals  one  under  another,  Point  under  Point,  add 
the  figures  as  if  they  stood  for  whole  numbers,  and 
place  the  Point  in  the  result  under  the  other  Points, 
thus, 

•27 

•45 


96.  If  the  decimals  to  be  added  be  not  of  the  samt 
order,  as  for  instance  -87  and  -049,  we  reason  thaa  : 

•049  is  a  decimal  of  the  third  order, 

•37  is  a  decimal  of  the  second  order,  but  it  can  b* 
made  into  an  eqmvalent  decimal  of  the  third  order,  by  affix- 
ing a  cipher,  thus,  '870. 

Then  we  proceed  to  add  the  decimals  thus : 
•870 
*049 
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Now  suppose  we  have  to  add  more  than  two  decimal 
expressions,  as  -0074,  '72,  -OS,  and  '123456. 

Of  these  four  expressions  the  last  is  of  the  sixth  order, 
and  we  may  make  the  other  three  into  equivalent  deci- 
mals of  the  sixth  order,  and  set  them  down  thus  : 

•00740a 
•72000U 
•050000 
•123456 

•900858 

Whtm  the  learner  is  tlioroughly  acquainted  with  the 
principle,  on  which  this  process  of  addition  depends,  he 
may  omit  the  affixed  zeros,  since  they  have  no  effect  on 
the  result,  and  may  write  the  sum  just  worked  out  in 
the  tollowing  way : 

•0074 

•72 

•05 

•123456 


•900866 


If  the  numbers  to  be  added  be  made  up  of  integers 
combined  with  decimaLs,  v/e  keep  the  Points  in  a  verti- 
cal hne,  and  proceed  as  in  addition  of  integers. 
Thug  to  add  4-27,  i6'004,  '9007.  and  28,  we  proceed  thua: 
4-2700  or  thus.  4-27 

15-0040  15-004 

•9007  -9007 

28-0000  23- 


48-1747  481747 

JEliamples-   (xlii.) 
Find  the  sum  of 

(1)     ^275  and  -425.  (2)      007  and  '2394. 

(8)     -001  and  -0002. 
(4)     18^279.  8-00046,  742-000872. 
(6)     -000493,  8-24,  16,  42-6,  824-42037. 
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(6)  49-327,  -458,  8317*05,  341-875,  32-4962. 

(7)  700-372,  894-0009,  -347,  -00082,  5370-000. 

(8)  680-379,  -45G87.  350-0036,  7-074,  o2'257. 

SUBTRACTION  OF  DECIMAL  FRACTIONS. 

97.  If  we  have  to  find  the  difference  between  -47 
and  '85,  where  both  decimals  are  of  the  same  oidei .  and 
•47  is  the  larger  of  tlui  two.  we  x^roceed  t:  uh  • 

From     '47 
Take      -85 

Result   -12 
performing  an  operation  Uke  that  of  Subtraction  of  In- 
tegers, and  keeping  the  Points  in  a  vertical  line. 
That  this  method  gives  the  correct  result  is  evident ,  for 

98.  If  we  have  to  find  the  difrerenco  between  '888 
and  '9,  we  may  make  the  latter  into  a  decimal  of  tlie 
third  order,  thus,  -900.  and  since  this  is  larger  than 
•888,  we  proceed  thus  : 

From  '900 
Take    -888 

Result  -012 
If  we  have  to  find  the  difference  between  '998,  and  1, 
we  observe  that  1,  being  an   integer,   must  be  f^^rcat^r 
than  •998,  which   is  a  Proper  Fraction,  i.  e.  ^/^'o  •  '^^^^^ 
w©  proceed  thus  : 

From     1-000 
Take       'QWH 


Hoault      -002 

Examples,    (iliii) 

Find  the  difference  between 

U) 

60-429  and  6-216.            (2)     9.005  and  7  4t»3i 

(8) 

68-816  and  6*0867.          (4j     -799  and  -8. 

(fi) 

6-047  and  5  98GB.             (6>    860*007  and  270  rt796. 

(7) 

•0000086  and  -00001.       (8)     -00637  and  -OOO'iaa. 

(9) 

10  and  0002.                   (10)    -08999  and- 10 i. 

so  MT7LT1PUOJLT20N    OF    D&Cl^AAl^B. 

.ifULTIPLCATION  OF  DECIMALS. 

99.  f^  finding  the  product  of  "12  and  -11,  we  might 
proceed  tiins, 

!ibe  result  being  a  decimal  of  the  fourth  order. 

Again  if  we  have  to   find  the   product  of  4*82   an 
00012, 

1-82X  •00qi2^t?l  X  T-cJflocT---  TwlllU-is  -^  •0005181 
the  result  being  a  decimal  of  tiie  sevtuUh  order. 

And,  generally,  tlie  product  of  any  two  decimal  ei^- 
pressions  is  a  decimal  expression  of  an  order,  wliose 
index  is  the  sum  of  the  indices  of  the  orders  of  tlie  two 
expressions. 

Hence  we  deduce  the  following  rule  for  Multiplication 
of  Decimals  : 

Multiply  as  in  the  case  oi  infegenf,,  and  mark  off  in  the 
f>roduct  a  numher  of  decimal  places  eqwil  to  ilie  sum  0/ 
the  number  of  decimal  places  in  the  two  factors. 

For  example,  to  multiply  2-4327  bv  4-23. 

2-4/327 
4-28 

72981 
48664 


10-290321 


Again,  to  aialtipiy  43672  by  -00000047. 
48-672 
•00000047 


805704 
174688 

2052584 


We  have  now  to  mark  off  eleven  decimal  places  froixs 

lis  product,  and  as  the  product  con  tarns  only  seven 

iignres,  we  must  prefix  four  zeros,  and  put  the  Poi»t  on 
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Ghe  left  of  these,  thus  -00002052584    and  this  will  be 
the  required  product. 

One  more  case  must  be  considered. 

Suppose  we  have  to  multiply  '235  by  •48 ; 

•235 
•48 

1880 
940 

•11280 

This  decimal  of  the  fifth  order  is  equivalent  to  a  deci- 
mal oii\iQ fourth  order  •1128  (Art.  90),  apd  this  is  the 
simplest  form  of  the  result. 

Examples,    (xliv). 
Multiply 

(1)  7-0  by  4^7.  (2)  3-62  by  5-23.       (8)  -427  by  •235. 

(4)  ^562  by  -00074.  (5)  3-00704  by  4.0205. 

(6)  •OOOO  by  1000.  (7)  623-4075  by  24^0259. 

(8)  -00746  by  •00823.'^.     (0)  1432-6749  by  •000(>4(?IV>^<V5. 
(10)  60704^042  by  •001007090061. 

Find  the  value  of  the  following : 

(11)  -407  X  4-03  X  -006. 

(12)  1-OL  X  1000 X  •OOl. 

(13)  -52  X  .007  X  4-3  X  '02. 

Find  the  continued  product  of 

(14)  -07,  4-6,  -009  and  52-47. 

(15)  42-6,  ^795,  4-03  and  ^00074. 

(16)  What  is  the  cube  of  2-74  ? 

(17)  Eaise  3-5  to  the  fourth  power. 

DIVISION  OF  DECIMALS. 

100.  If  we  have  to  divide  ^27  by  8,  we  migbf-  proceed 
thus, 

•27-T-  3  =  -iVo-  -^  3  -  rliy  =  '09. 
Again,  if  we  have  to  divide  ^00625  by  25,  we  r<y^h\ 
proceed  thus, 

•00625  ~  25  =  j^nU  -4-  25  =  ^^l^-^  =  ^0002^ 
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In  both  cases  the  Quotient  is  a  decimaU  of  the  aame 
order  as  the  Dividend. 

Hence  we  derive  the  following  Rule  : 

//  the  Divisor  be  an  integer,  perform  the  operation  of 
Division  as  if  tlie  Dividend  were  also  an  integer,  and 
mark  off  in  the  Quotient  as  iminy  decimal  places  as  there 
are  Decimal  places  in  tlie  Dividend. 

For  example,  suppose  we  have  to  divide  '0086761  b) 
248. 

243)  -0086761  (867 
729 

1386 
1216 

1701 
1701 

The  Quotient  is  to  be  a  decimal  of  the  eighth   order, 
/.  the  result  is  -00000357. 

101.  Next  observe  tliat,  if  the  Divisor  be  a  decimal  ex- 
pression, we  can  in  every  case  change  it  into  an  Integer^ 
by  a  process  which  we  shall  now  explain. 

If  we  multiply  a  decimal  expression 

by  10,  the  effect  is  to  move  the  Point  one  place  to  the  right, 
by  100,  the  effect  is  to  move  the  Point  two  places  to  the  right, 
by  10(X)0,  the  effect  is  to  move  the  Point  three  places  to  the 

right, 
and  80  on. 

For  instance,  128-456x10      =    1234-66, 
and    123-456x100    =    12346.6. 

The  reason  is  obvious, 
for    128-466X   lQ  =  ^^~^X  10=  ^-?^^=  1284-66, 
and  123-456  X 100  =  ^f^*  X 100  =  ^f -  =  12345-6. 

Hence  we  can  transform  any  Divisor  into  an  Integer, 
by  multiplying  it  by  10,  100,  1000,  ....  according  n& 
the  Divisor  is  a  decimal  of  the  first,  second,  third  .... 
ord^r 
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For  example,  if  the  Divisor  be  -000492,  and  we  mul- 
tiply it  by  1000000,  we  transform  it  into  the  Integer 
492. 

Now  we  may  multiply  a  Divisor  by  any  number,  if  we 
irultiply  the  Dividend  by  the  same  nimaber. 

For  instance,  if  tlie  Divisor  be  8  and  the  Dividend  82, 
we  may  multiply  each  by  10, 

po  that  the  Divisor  becomes  80,  and  the  Dividend  820 ; 

and  whether  we  divide  82  by  8,  or  820  by  80,  the  Quo- 
tient will  be  the  same  number,  that  is,  4. 

102.  We  can  now  lay  down  a  general  Eule  for  Divi- 
sion of  Decimals. 

If  the  Divisor  be  a  decimal,  change  it  into  an  Integer  by 
removing  the  Point  a  sufficient  number  of  places  to  the 
right,  and  al^o  remove  the  Point  in  the  Dividend  the  same 
number  of  places  to  the  right.  Divide  as  in  tlie  case  oj 
integtrs.  Jhen,  ij  tJie  dividend  be  an  integer ^  tJie  quotient 
will  be  an  integer,  and  if  the  dividend  be  a  decimal ,  the 
quotient  voUl  be  a  decimal  of  the  same  order. 

The  process  will  be  better  understood  from  the  fol- 
lowing examples. 

Ex.  (1).  Divide  -625  by  -026. 

-8^^-026  =  :^=^^  =  ^/ 

25)  626  (26 
60 

126 
126 

Here  the  Quotient  is  an  InUger,  because  the  Dividend 
is  an  Integer; 

-'.  the  QuotieDv  required  19  2<I>, 
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Ex.  (2).  Divide  108-997  by  2-3. 

in»i.OQ'7     •     O.a        1  08997        108997  _  1  0  H  «  9  r 
U)tt  yy?  -^    -S  ««=         ^•8~=~  2  3^  2  1 

28)  1089-97(4739 
92 

169 
161 

89 
69 

207 
207 

Here  the  Quotient  is  a  decimal  of  the  second  order, 
because  the  Dividend  ig  a  decimal  of  the  second  order  ; 

.'.  the  Quotient  required  is  47"39. 

Ex.  (8).  Divide  -625  by  -00025. 

•625  -i-  'OOO^S  —    ■«i{5     —  62600-  —  * ?.i> Oi? 

25 )  62500  (  2500 
50 

125 
125 

00 

Here  the  Quotient  is  an  Integer,  because  the  Dividend 
^  an  Integer  ; 

.'.  the  Quotient  required  is  2500. 

Ex.  (4).  Divide  -00169  by  1-8. 

.AAlca     .     i.Q    _  "0  0  169  CO  I  60  018? 

mjiby  -r- 1  d  -  — p-g—  =  ~y --  =  ~-^- 

13  j -0169(18 
18 

1^ 
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Here  the  Quotient  is  a  decimal  of  the /o?^;-^^  order, 
because  the  Div-Hlend  is  a  decimal  of  the  fourth  order  ; 

.-.  the  Quotient  is  '0013. 

£x.  (5V  Divide  G25  oy  -25. 


625-^-25 


25)62500(2500 
50 

125 
125 


00 

Here  the  Quotient  is  an  Integer,  because  the  Dividend 
is  an  Integer. 

.-.  025 -^ -25  =  2500. 

These  are  cases  of  exact  division,  that  is,  when,  on  the 
l^rocess  of  division  being  carried  out,  there  is  no  remaiyi- 
der. 


Divide 


Examples,    (xlv). 


(1) 

1-296  by  -108. 

(2) 

17-28  by  -0012. 

(3) 

•00169  by  1-3. 

(4) 

2921  by  -23. 

(5) 

15633-0062  by  362-9 

(6) 

1  by  -0001. 

(7) 

-03096  by  -000072. 

(8) 

-7644  by  -0052. 

(9) 

-0000615228  by  307. 

(10) 

746-44808  by  7-58. 

ai) 

-24294591  by  36-9. 

(12) 

63987-42  by  -000073. 

(13) 

•26986365  by  3500. 

(14) 

26986-14  by  -0G009. 

(15) 

•00131053  by  •0065. 

(16) 

617325  by  -00025. 

(17} 

-830676  by  -000231. 

(18) 

•00019517  by  673. 

(19) 

1-0191  by  -00079. 

(20) 

2078^61  by  579. 

(21] 

241^16047  by  •527. 

(22) 

•65220834  by  -00854. 

(23) 

4700460-66583  by  -00518963. 

86  DIVISION    OF    DECIMALS, 

103.  We  next  take  the  following  example : 
Divide  347  by  '64. 

Here  847  -J-  -64  =  4^-f  =  '-^^^'  =  ^^Y" 
and  we  proceed  thus  : 

64  )  34700  (  542 
320 

270 
266 

140 
♦  128 

12 
We  have  then  the  Quotient  542,  and  Komainder  12. 

If  we  wish  to  carry  on  the  division  further,  we  may 
do  so,  by  placing  a  decimal  point  at  the  end  of  the  Div- 
idend, and  afiixing  as  many  zeros  as  we  please,  observ- 
ing that  all  the  figures,  which  will  come  after  those 
ah-eady  in  the  Quotient,  will  be  decimals. 

TI.e  operation,  completed  from  the  outset,  wiU  star? 
thus, 

64 )  34700-0000  (  642-1875 
320 

270 
266 

140 
128 

120 
64 

560 
612 

480 
448 

820 
320 
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Eiamplet-  (xlti) 
Divide 
(1)    7-45  by  -82.  («)     14-827  by  12-8. 

(3)    48-26  by  12-5.  (4)     7432-976  by  -226. 

(5)     1-2  by  626,  (6)     '217  by  1250. 

104  The  student  is  now  to  observe  that,  by  employ- 
ing Short  Division,  the  example  just  worked  out  may 
be  put  in  a  very  concise  form.  Thus  taking  up  the 
work  at  the  point  where  we  have  to  divide  84700  by  64, 
we  proceed  tibus  : 


34700-0 


4337-5000 


542-1875  Quotient. 

So  also,  if  we  have  to  divide  48672-609  by  86,  we 
proceed  thus : 

4  i  43672-50900 
9  !  10918-1-2725 


1213-12525  Quotient. 
Again,   to   divide   -0000018932   by   82,    we  proceed 
thus : 

4  I   -0000013932 
8  I   -0000003483000 


•0000000435375  Quotient. 

Note. — Division  by  10,  100,  1000  ...  is  effected  by 
moving  the  decimal  place  in  the  Dividend  one,  two, 
three  .  .  .  places  to  the  left. 
Thus  24-6  -^  10    =  2-46. 
-47  ^  100  =  -0047. 

"Examples,  (xlvil) 

Employ  Short  Division  in  finding  the  Quotient  when 
we  cli\ide 

Cs)  426-478  by  16.  (2)  -07849782  by  72. 

(b)  302-47  by  -025.  ^4)  -00007263  by  4-5, 

(5)  42-007437  by  -24.  (6)  -00463  by  50. 

(7)  2-4715  bv -000016.  (8)  9000  by -00030. 

(9)  -001  by  100.  (10)  '001001001  by  '2000. 

N.B.— -The  process  of  Division  may  often  be  shortened 
bv  .-nuitiplying  the  Dividend  and  Divisor  by  a  number 
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which  will  transform  the  Divisor  into  a  power  or  a  mni- 
tipie  of  10:  thus,  if  we  have  to  divide  24-46927161  by 
12-6,  we  multiply  both  by  8. 

Then  ?ii-»fm»>  =  lo»^«il.o8  ^  1.95754172O8. 

105.  In  the  examples  hitherto  given  the  cases  are  all 
those  of  exact  division. 

In  all  cases  we  may  proceed  with  the  division,  till 
there  is  no  remainder,  or  till  certam  tiguros  in  the  Quo- 
tient recur  again  and  again  in  the  same  order. 

We  shaU  give  an  example  of  this  recurrence  of  figures 
in  Art.  106,  but  first  we  must  observe  that  we  often 
require  to  find  the  Quotient  up  to  a  certain  place  of 
decimals. 

For  example,  suppose  we  have  to  find  the  Quotient 
arising  from  the  division  of  2-47  by  37,  to  four  places  of 
decimals. 

2.47-^-37  =  ^  =  W 
87  )  247-0000  (  6-6766 
222 

250 
222 

280 
259 

210 

185 

250 

222 

Hence  the  Quotient,  correct  to  four  places  of  ddci 
mals,  is  6-6766. 

Examples,     (xlviii) 
Find  the  Quotient  to  three  places  of  dccimab  wheu 
we  divide 

(1)     42-5  by  -0023.  (2)     -197  by  '79. 

fS)     87*0  by  409.  (4)     27100  bv  -00313, 

;§>     -0289  by -SSL  (6j     229  by -007. 
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106.  If  "we  continne  the  division  further  in  the  Exam- 
ple given  in  Art.  105,  we  find  the  figures  756  coming 
again  and  again  in  the  same  order  in  the  Quotient,  so 
that  the  Quotient  is  6-6756756766  .  .  .  without  any  ter- 
mination. 

Let  us  now  take  this  example. 
Divide  90  by '0011. 

Here  90  -  -0011  =  ...^  =  ^f  J*-^ 
11) 900000 
'81818 

Up  to  this  point  the  Quotient  h  %n  Integer  :  hut,  if 
we  proceed  further  with  the  division,  we  shall  obtain  a 
decimal  expression :  thus,  if  we  affix  two  more  zeros, 
preceded  by  a  decimal  point,  to  the  dividend,  we  shall 
have 

11)900000;00 
"8181818 

If  we  carry  on  the  division  to  any  extent  we  shall 
have  the  two  figm-es  18  coming  again  and  again  in  the 
same  order.  A  decimal  of  this  kind  is  called  Periodic, 
Circulating^  or  Recurring, 

107.  The  extent  of  the  Period  is  denoted,  by  placing 
a  dot  over  ihejirst^  and  another  dot  over  the  last  of  the 
figures  in  it. 

Thus  -is  denotes  a  decimal  of  an  order  such  that  it 
can  he  represented  by  no  Jifiite  irideXy  since  it  runs  on 
•18181818  ...  to  an  infinite  number  of  figure*. 

So  also,  6-756  stands  for    6-766756766  ..  .. 

•047  stands  for    -047047047 

•4872  stands  for  '4372872372 

26-0479  stands  for  26-04797979 

•00026  stands  for    -000266666 

108.  A  Vulgar  Fraction  may  be  converted  into  a 
Dccin]  al  Fraction  by  the  following  process 

Reduce  the  fraction  to  its  lowest  terms,  and  then  find 
iie  Quotient  resulting  from  the  division  of  the  numera- 
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tor  by  tho  denominator,  by  the  rulo  for  division  of  dctti- 
mals. 

Thus  to  reduce  |  to  a  decimal,  we  proceed  thus  ; 
8)  a  000 
"  -875 
.-.  ^  =.  -375 

AgJiiu  l;o  reduce  ^l  to  a  decimal,  we  proceed  tbtia  ; 
32)47-00000(1 -4,0375 
32 

150 
128 

220 
192 

280 

26e 

24C< 
22^ 

160 
160 

.-.   U  -r-  1-40375 
Or  we  might  work  by  Short  Divisia**    thus : 
.4  I  47-00 
8  I  11-75' 
"1-48875 
Again,  to  reduce  |  to  a  decimal,  w(  p^-p^ceed  thus  • 
7  I  1-00000000 


•14285714 
=  •i42So7, 


109.  To  sheic  ilhot^  ichen  a  Vulgar  Fraction  ia,  rtdwed 
to  a  decimal,  either  tlie  operation  miisi  Urininate  or  the 
Hgures  of  the  Qiu>ti>,nt  must  recur  in  tlie  game  order. 

Consider  the  operation  by  which  sii«h  a  fraction  as  -J 
is  reduced  to  a  deciinid.     The  only  romainderrt  the*  can 
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occur  arc  0,  1,  2,  3,  4,  5,  G.  li'  llie  remainder- 0  should 
occur,  the  division  terminates  :  if  not,  wo  can  only  have 
six  dilTerent  reinaindei's,  and  when  any  of  these  occurs 
a  second  time,  we  must  have  a  recurrence  of  the  former 
remainders  in  the  same  order- 
When  a  fraction  in  its  lowest  terms  is  reduced  to  a 
decimal  and  produces  a  recurring  decimal,  the  extreme 
limit  of  the  number  of  places  in  the  period  of  the  recur- 
ring decimal  is  one  less  than  the  denominator. 

Thus  -f  produces  a  recuri'ing  decimal  of  6  places. 
;*9  produces  a  recurring  decimal  of  18  places. 
2^9  produces  a  recumng  decimal  of  28  places. 

110.  When  a  Vulgar  Fraction  is  in  its  lowest  terms 
it  can  only  be  expressed  as  an  Exact  Decimal  when  the 
denominator  is  composed  of  factors  each  of  vrhich  is  one 
of  tiie  numbers  2  and  o. 

Thus  §  can  be  expressed  as  an  exact  decimal  because  8  --- 
2x2x2. 

o\  can  be  exjiressed  as  an  exact  decimal  because  20 
-=2x2"x5. 

r^  can  be  expressed  as  an  exact  decimal  bcoanso  125 
—  5  X  5  X  5. 

The  reason  for  this  is,  that  no  vulgar  fraction  can  be 
expressed  as  an  Exact  Decimal,  unless  it  can  be  trans- 
formed to  one  whicli  has  10,  or  some  power  of  10,  for 
its  denominator.  Now  no  number  can  by  multiplication 
be  made  a  power  of  10  unless  it  bo  composed  of  factors 
each  of  v^diich  is  2  or  5. 

Thus  8  can  be  made  into  a  power  of  10  by  midtiplying  it 
by  5x5x5. 

125  can  be  made  into  a  power  of  10  by  multiplying  it 
by  2x2x2. 

40  can  be  made  into  a  power  of  10  by  muitiplving  U 
by  5  V  5. 


t'.cnce  3-  = 


3  3  X  o  X  5   X  5 


S"~2X2X2~L'x2X-.'X5X5x5~I0  07r 


3  7 


■  ~  To'oT) 
2  X  2  X  I  0  X  .5  X  :.   ""   1  0  (J  0 


■Oi-Q 
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But  sucli  numbers  as  7,  12,  80,  cannot  be  made  into 
powers  of  10  by  multiplication,  and  hence  ^  ^\  ^^  can- 
not be  reduced  to  exact  decimals. 

It  may  also  bo  remarked  that,  v/hen  a  Vulgar  Frac- 
tion in  its  lowest  terms  is  reduced  to  an  exact  decimal, 
tlie  order  of  that  decimal  is  expressed  by  the  greatest 
number  of  times  iLat  cither  of  the  factors  2  or  5  occurs 
in  the  denominator. 

Exaroples.  (^lis) 
Convert  into  decunals  the  following  vulgar  fractions  . 


(1) 

/o 

(2)      U 

[di  «. 

(■*)  .^ 

(5) 

(6)      ^t 

(')  ^f 

(8)  i^ 

(9) 

1   7 
TB  IS 

m  vv- 

CONTRACTIOyS    IN-  MULTIPIICATION   A.VD 
DIVISION   OF  DECIMALS. 

111.  "When  the  number  of  deciniid  places  is  great 
the  figures  obtained  by  the  ordinary  mode  of  multiphca- 
tion  are  often  unnecessarily  numerous.  Thus,  in  mul- 
tiplying 62-37416  by  2*34169  by  the  ordinary  method, 
there  would  be  ten  places  of  decimals  in  the  product, 
while  for  aU  practical  purposes  three  or  four  are  qiute 
enough. 

Ex.  Multiply  62-37416  by  2-841G9  so  as  to  retain 
mly  4  places  of  decimals. 


OKDINAKY   METHOD. 

CONTRACTED   METHOD. 

62-37416 

62 -37418 

2-34169 

96  143-2 
1247483  _- 

66.136744 

623741  X  2  t  1 

87424496 

187122  ^ 

62374  X  3 

6237416 

2495')  = 

6237x4  4-2 

24949  664 

624  = 

623x14-1 

187122  48 

374  r- 

62  X  6  +  2 

1247483.2 

„6= 

exd-f-i 

I460609i467804 

146-O6O0 

CONTRACTIONS    OF   DKOIMjLLS. 

By  compaiinGr  the  contracted  metboil  with  the  ordi- 
nary method,  tlio  rca-ou  of  the  preceding  operation  wiU 
be  ro'idily  understood. 

Since  the  product  of  any  order  of  units  by  units  is  of  the 

tlie  same  order  as  the  figm-o  multipHed,  the  units  figure  of 

^fche  multipHer  is  wi-itten  under  the  place  to  be  retained. 

jp^For  convenience,  the  other  figin-es  are  written  in  an  in - 

*  verted  order.     Now  (Art.  90)  4,  a  decimal  of  the  third 

order  multiphed  by  8,  a  decimal  of  the  first  order,  will 

give  a  decimal  of  the  fourth  order ;  also,  7,  a  decimal  of 

the  secoji/i  order,  multiplied  by  4,  a  decimal  of  tJie  second 

order,  will  give  a  decimai  of  the  fourth  order,  etc.,  etc. 

Now,  to  the  product  of  2  and  1,  one  must  be  added: 
since,  if  6  had  not  been  rejected,  there  would  liavc  been 
one  to  can-y ;  then  the  otlier  figures  are  multiplied  in 
the  usual  way.  Next,  multiply  4  by  3  and  set  down  2 
under  the  3,  and  multiply  tlie  otlier  figures  by  8  in  the 
usual  way. 

Next,  multiply  7  by  4  and  to  the  product  add  2  • 
since,  if  416  had  not  been  rejected  the  product  would 
have  approximated  to  2  thousand,  etc. 

Hence  we  have  the  following  rule : 

Write  the  Multiplier  with  the  order  of  its  fi<jure8 
reversed  under  the  Multiplicand,  s'o  that  the  units  figure 
may  he  under  that  figure  of  the  Multiplican/.l  which  tV  the 
loioest  decimal  to  be  retained,  in  the  Product.  Then  muh 
tiply  by  each  figure  of  the  Mtdtiplier,  neglecting  all  thu 
figure-^  of  the  Multiplicand  to  the  Hght  of  it,  except  to  find 
what  18  to  he  carried^  and  carrying  one  iTwre  when  tJui  re 
jecfed  part  of  any  product  is  5  or  go-enter  than  5.  Arrange 
ihe  partial  produ/Us  so  tJuit  t^ieir  right  hand  figures  may 
itandin  the  same  vertical  column.  Thmr  sum  will  he  the 
product  required.  From  this  product  cut  ojT  the  lasired 
number  of  dex^imal  places. 

112.  When  the  divisor  consists  of  several  figures,  the 
work  will  be  much  shortened  by  cutting  off  a  figur-c 
from  the  divisor  at  each  successive  ytep  of  the  division, 
instead  of  annexing  a  figure  to  tlje  dividend.  Carf 
vaust  be  taken  to  increase  each  product  by  what  woui('' 
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liAve  been  carried  if  the  Ogure  or  figures  had  not  hetn 
cut  off. 

Ek.  (1).    Divide   8'78:i89   by    '2-716118   cnrr^'it  to 
tiii<;e  places  of  deeimais.^- 

271 6418)  3784161)  (  1393 
2716418 


814926 

252b'i6 
244478 


834-8 
8149 

lO'J 

By  comT)aring  the  units  of  the  highest  order  in  the 
divisor  with  the  units  of  the  same  order  in  the  dividend, 
it  is  evident  that  there  must  be  one  figure  to  the  left  oji 
the  point  in  the  quotient ;  henoe  the  answer  is  1*393. 

Ev.  (2).  Divide  763-14163  by  21-3642  correct  to  four 
places  of  docimais. 

ORDINARY  METHOD.  CONTRACTED  METHOD. 

213642  )  76314163  {  357205  213042  )  763i41';.3  (  357205 

640926,  640926 


122215^0  122215 

10082110  106821 


15894!  G;J  15894 

14954i94  14956 


439|690  439 

427  2b-i  427 

12  4  JOOO  12 

10  68210  1  i 

1 1 72390  1 
Here  tlie  figures  of  the  quotient  are  857205,  and  b> 

5omparin<(  the  2  tens  of  the  divisor  ^]lh  the  76  ttHip  of 
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tbe  djviik'Dfl,  it  is  plain  tlicre  mnst  be  2  places  to  the 
left  of  tlio  point ;  hence  the  quotient  i^?  85'7205. 

From  considerinoj  these  cases  we  liave  the  foilo  aih^ 
rr.le  : 

Compare  Iha  left  hand  figure  of  ih-e.  divisor  with  t/ie 
u/iit,'<  of  the  sanie  order  Ijx  the  dividejid,  ana  tJias  dotrr- 
miiie  tlie  position  of  the  point  in  the  'itwtient.  Th^n 
divide  as  in  Ex.  (1),  dro})jn7ig  a  tu/ure  from  t/i-c  right  oj 
the  diviior  at  each  step  of  th<i  dimsion. 

NoTK.— Cai-e  should  be  lakeu  to  mark  the  fipircF 
dropped  by  placing  a  Jot  or  other  mark  beueath  them. 

Examples-  "(1) 

m  -863641  X  -10983  to  five  places  of  decimal. 

(2)  -053407 X -047126  to  six  places  of  decimals. 

(3)  •8-141592  X  52-7438  to  four  places  of  decimals. 

(4)  325-7014-28 X -7218098  to  three  places  of  deoiiniLv 

(5)  3-1729432 X 8-816259  to  four  places  of  deeimaln. 
(0)  2-3748-:-l-4736  to  three  places  of  decimals. 

(7)  31-47-J-839-27056  to  four  places  of  decimals 

(8)  252070' 5-20751-7-591 -57  to  three  places  of  decimals. 

(9)  73-64-^-43232  to  four  places  of  decimals. 
(10)  6-5556-i-7*06249  to  three  places  of  decimals. 
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113.  Pure  reciirriug  aecmiaj  fi-actions  are  those  iu 
which  the  period  commences  immediately  ;ifter  the  deci- 
mal i>oiiit; 

thus  '3,  -27,  '0429  are  pnre  recurring  decimals. 

Mixed  recurring  decimal  fractions  are  those  in  which 
cue  or  more  figures  precede  the  period  : 

thus  "23.  •24-27.  '35^1429  aro  mised  recurriag  decimals. 

114.  To  find  the  Vulgar  Fraction  which  is  eouiv^ilei.. 
to  a  '/ivenpure  recur  ring  Deciifial. 

iii.  (1).  Fini  the  Vulgar  Fraction  r^ouivalent  to  -k 
The  decimal  --  -Haa 
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From  10  times  the  decimal,  or  3'33.H 

Take  the  decimal,  or  333 

Then  9  times  the  d6cimil=.3-000 

.*.  the  decimal=f =^. 

Ex.  (2).  Find  the   Vulgar  Fraction    equivalent   to 

The  decimal  =  -247247...... 

From  1000  times  the  decimal,  or    247'247 

Take  the  decimal,  or  -247 

Then  999  times  the  decimal  =  247*000 

.*.  the  decimal  =  f  ||-. 

Ex.  (3).  Find  the  Vulgar  fraction  eq[uivaleut  to 
0423. 

The  decimal  =  -04230423 

From  10000  times  the  decimal,  or  423-0423 

Take  the  decimal,  or  -0423 

Then  9999  times  the  decimal  =  423*0000 

.'.  the  decimal  ==  -^%\  =  jf J^. 

Examples,   (li.) 
Convert  into  Vulgar  Fractions  in  their  lowest  terms  : 
(1)     -6  (2)     -27  (3)     -045  (4)    -3123 

(5)     -0072         (6)     -4023  (7)     -doosi  (8)     -00009 

Hence  we  deduce  the  following  rule  for  reduC' 
ing  a  pure  recurring  decimal  to  a  Vulgar  Fraction  : 

Take  one  of  the  periods  to  form  the  numerator^  andfoi 
th^  denominator  the  nuraber  formed  by  repeating  9  as 
rn/my  times  as  there  are  figures  in  the  period, 

Thu3    -7=^5 

•05      -     ,'; 

•4327  ::-  tUl 
116     To  find  the  T'Jgar  Fraction,  v)hieh  is  equicalm' 
to  a  given  mixed  recuirhg  decimal. 


Ex.  (1).     Find   the  Vulgar  Fraction  equivalent  to 
'237. 

The  decimal  = -23737 

From  1000  times  the   decimal,  or         237-37 

Take  10  times  the   decimal,  or  2-37 


Then  990  times  the  decimal  =  235, 
•••  the  decimal  =  5-^-3  =  -roV 

Ex.  (2).     Find  the  Vulgar   Fraction   equivalent  to 

0-4726. 

The  decimal  =  -04726726. 

From  100000  tunes  the  decunal,  or         4726-726 

Take  100  times  the  deckaal,  or  4-726 


Then  99900  times  the  decimal  =  4722, 
.-.  the  demand  =  ^V^'j  =  rlihs 

Ex.  (3)     Find  the  Vulgar  Fractions   equivalent  to 

3-14. 

The  decimal  =  3-1444 

From  100  times  the  decunal,  or         314-44 . 

Take  10  times  the  decimal,  or  31-44..,.. 


Then  90  times  the  decimal  =  283, 
.-.  the  decimal  =  ^^y. 

Examples,   (lii). 

Convert  into  Vulgar  Fractions  in  their  lowest  terms  : 

(1)     -425  (2)     -4759  (3)     4-253  (4)     -00426 

(5)     53.-00243    (6)  •7-201*1  (7)     2-5306. 

117.  Hence  we  deduce  the  following  rule  for  reduc- 
ing a  Mixed  recurring  decimal  to  a  vulgar  fraction-: 

Form  the  Numerator  by  taking  from  the  fujures  up  to 
the  end  of  the  first  period  the  Jiijures  that  precede  the  first 
period;  and  form  the  Denominator  by  setting  down  9  as 
many  times  as  there  are  figures  in  the  period,  and  affix- 
ing 0  as  many  times  as  there  are  figures  between  the  deci- 
dual j^foint  a}ul  the  fir  at  period. 
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Thus       '^4:5='m'=ui 

.nrizl7Q  —  47  3— 4  _      4  0  9 
UU1  /  O  —  -g-oo  0  0  —  ¥0  0  0  0 

.    L        45-4  41 

4-5  =  — 9-    --^ 

7.Qlk  _  7  3  4  5-734  _  G  6  1  1 
/    O-IO  —  9  0  0  '""     90  0   ' 

118.  The  metliod  of  performing  arithmeticai  opera- 
tions with  recurring  decimals  will  be  best  explained  by 
taking  the  operations  separately. 
I,  Addition. 

Find  the  sum  of  3-49,  4-047,  and  -1463. 
First  make  the  decimals  all  of  the  same  order,  tluis 

3.4999,  4-0470,  -1463. 
Then,  since  the  periods  consist  of  1,  3,  2  figures  respect- 
ively, and  the  l.  c.  m.  of  1,  3  and  2  is  6,  carry  on  all  the 
decimals  six  places  further,  thus 

3-4999999999 

4-0470470470 

•1463636363 


7-69341068 
II.   Subtraction. 
Here  we  proceed  on  the  same  principle  as  in  Addition. 

Thus  to  subtract  5-247  from  8-059, 
8-059059 
5-247777 


2-81128 

In  both  operations  some  care  is  requisite  in  observing 
what  figure  would  be  carried  on  if  the  columns  omitted 
were  taken  into  account. 

III.  In  Multiplication  and  Division  the  recurring 
decimals  should  be  converted  into  vulgar  fractions,  and 
wiien  the  Product  or  Quotient  of  these  fractions  has 
been  found,  it  may  be  converted  into  a  decimal. 

Thus  4-5  X  3-7  =  ^'f-^  X  ^f^  =  V  X  V  =  'W^ 

^„/l  .nr    .    .049  5       .      38    —    5    v  9  "  0  —  ?  J<  1  0  _  o  5 

ana  uo -r    U44  —  "g^  ^~  9o-j  —  iy-(7 '^  ss  —  iiss  —  t^- 

We  may  then,  if  it  be  required,  convert  -^l?^  and  fg  into 

decimals,  by  the  process  explained  in  Art.  108. 
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Examples-     (liii). 
Find  the  value  of  the  following  expresaiono  : 
(1)     2-67  -f  -043  +  13-2.         (2)     14-762  4-  3-549  4  ^  •>-f^A4 
(3)     15-025 -13-247.  (4)      0240  -  00897. 

(6)  8-7  X  5'49.  (6)     •007*i  X    45. 

(7)  8-4 -7- 4  09.  (8)      074-^ -59. 

119.  When  vulgar  anil  'lecimal  fractions  are  com- 
bined in  the  same  expression,  it  may  usually  be  simpli- 
fied in  the  neatest  and  easiest  way  by  reducing  the  vul- 
gar fractions  to  a  decimal  form. 

Thufl,  if  we  have  to  find  the  sum  of  476^,  13|,  and  10-875, 
we  should  proceed  thus  : 

4761=476-2.') 
13|=   I'd-M'i 
10-375 


Sum     600-000 
Examination  Papers, 


(1)  Show  that  Any  decimal  is  muiliplied  by  1000  by  re- 
mc^ving  the  decimal  point  in  the  multiphcaad  three  places 
iosyards  the  right. 

(2)  Enunciate  the  general  rules  for  the  divsion  of  deci- 
mals. In  cases  when  the  division  does  not  terminate, 
explain  how  to  determine  the  place  of  the  decimal  point  in 
the  quotient. 

(3)  Which  of  the  following  statements  is  more  nearly  cor- 
rect ? 

,^,^,=l•ll,  or  ^=9.009. 

(4)  How  many  times  can  -0087  be  taken  from  2-291  ? 
What,  f'raclion  will  the  remainder  be  of  the  former  ? 

(6)  Whonco  does  it  appear  that  a  vulgar  fraction  may 
always  be  reduced  either  to  a  terminated  or  a  circulating 
decimal  ? 

Calculate  the  limits  of  the  error  made  in  taking  ^-f  as  an 
»pproximato  value  of  8-1416926  to  seven  places  of  decimals. 
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II. 


(1)  Explain  what  vulgar  fractiona  can  bo  expressed  &< 
finite  decimals. 

"Which  of  the  following  fractions  can  be  Ihns   expressed  ? 

5       ^7  7.         1820      2317  9  3  1 

"ErS^'TTTTO"'  T5"TT»  TTS^  T'C"3"'    5WU 

(2)  If  a  pound  of  sugar  cost  -0093125  of  $8,  find  the  value 
of  -0625  of  16  barrels  of  200  pounds  each. 

(8)  Whether  is  3-714o35  more  accurately  represented  by 
3-715  or  3-714,  and  why  ? 

(4)  What  vulgar  fraction  is  equivakint  to  the  sum  of  14*4 
and  1-44  divided  by  their  difference  ? 

(5)  Find  a  decimal  which  shall  not  tlilTer  from^  by  a  ten- 
thousandth. 

[II 

(1)  What  are  the  advantages  and  disadvantages  of  work- 
ing with  decimals  instead  of  vulgar  fractions  ? 

(2)  If  a  business  produces  an  annual  return  of  $6,000, 
I    and  of  three  partners  one  has  -476  and  another  -38  share  of 

T"  the  profits^  how  much  money  falls  to  th«  share  of  the  third 
partner  ? 

(8)  A  man  who  owns  |  of  a  steamboat  sells  -7  of  his  share 
<-^  for  $1,400  ;  what  decimal  part  of  the  boat  does  he  still  own, 
'    and  what  was  the  boat  worth  ? 

(4)  A  man  paid  S120  for  a  horse ;  for  a  buggy  $36^  more 
-i  than  -8  of  the  cost  of  the  horse  ;  for  harness  -i86  of  the  cost 
of  horse  and  buggy.     Find  his  entire  outlay. 

(6)  The  product  of  tliree  vulgar  fractions  is  ^ ;  two  of 
them  are  expressed  by  the  decimals.  -63  and  '136  ;  by  what 
fraction  will  the  t^d  ona  be  expressed  ? 

IV. 

(1)  How  do  the  Decimals  differ  from  Vulgar  Fractions  ? 

(2)  A  storekeeper  buys  140  yards  of  cloth  at  #-36  per  yard. 

^In  selling  he  uses  a  measure  which  is  ^,  of  a  yard  too  short, 
and  charges  $-60  per  yard.     What  is  his  net  gain  ? 

(8)  One  vessel  contains  a  mixture  of  18  pints  of  brandy 
1  and  7  of  water  ;  another  contains  84  pints  of  brandy  and  18 
<  of  water. 

If  the  strength  of  the  first  mixture  is  represented  by  428, 
— \wrhat  number  wiU  represent  that  of  the  second  ? 
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(4)  Write  in  figures  loui-  millions  and  four,  and  ten  oilliona 
alnety  thousand  and  gevec  hundred  quadrillionths.  Ex- 
press "in  words  74000306-000060000007. 

(5)  A  piece  of  cloth  was  said  to  contain  84  yards,  but  it  was 
found  that  the  so-called  yard  measiire  with  which  it  was 
measured  was  '02088  ol  a  yard  too  short ;  what  was  the 
correct  length  of  the  cloth  ? 


(1)  "When  a  vulf^ar  fraction  is  changed  to  a  decimal,  ex- 
plain how  many  figures  there  will  be  in  the  decimal  if  it 
does  not  repeat ;  if  it  is  a  repeating  decimal  explain  when  it 
will  consist  of  a  part  which  does  not  repeat,  and  show  how 
many  figures  there  will  be  in  this  part. 

(2)  The  French  metre  is  39-371  inches  in  length.  E:?:- 
presB  the  length  of  25  metres  as  a  fraction  of  an  English 
mile,  there  being  5280  feet  in  it  and  12  inches  in  a  foot. 

(8)  If  a  steamer  makes  a  passage  from  New  York  to 
Liverpool  (say  2700  miles)  in  230  hours,  and  a  train  ^o6B 
from  London  to  Edinburgh  (say  405  miles)  in  18  hours  ;  how 
much  does  the  one  go  faster  than  the  other  ?  Give  ansTfer 
in  miles  and  decimsd  of  a  mile. 

(4)  Given  that  the  sum  of  the  divisor  and  quotient  ia  7*6 ; 
and  that  the  divisor  is  f  of  the  quotient ;  also  thai  the 
remainder  is  f^  of  the  divisor.     Find  the  dividend. 

(5)  Divide  $448.71*  among  A,  B,  and  C,  so  as  to  give  B 
$46.70  less  than  A,  and  $34.59  more  than  0. 

VI. 

(1)  What  vulgar  fractions  must  be  represented  by  mixed 
repetends,  and  what  by  pure  repetends  ? 

(2)  Show  thai  no  recurring  decimal  can  have  more  pl&ces 
in  the  period  than  there  are  units  in  the  denominator  less 
one. 

(8)  A  man  spent  $2.50  more  than  .79  of  his  money  at  one 

time  and  $l*i5  less  than  -^ft-  of  the  remainder  at  another, 

and  now  has  $2-609  ;  how  much  had  he  at  first  f 

(1111111  ) 

(4)  Simplify  16|5-8-5i-+5-5F-.7-6fX  .  .  .  } -,^. 

/*x  o.      viL.     1        il       8    ,3x4       1       8X4X6    1     > 

m  Simplify  ^^x  ]  ^-~w-^Y^2''w'^ix-2xs'W  \ 
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Xin.    Square  Root. 

120.  When  a  Number  is  multiplied  by  ifcseif,  the 
result  is  called  the  Squaiie  of  the  number.  Thus  144 
is  the  square  of  12,  and  225  is  the  squaio  of  15. 

The  symbol  '  placed  over  a  number  esprosses  the 
square  of  the  number  :  thus  6^  denotes  the  square  of  5. 

121.  The  Square  Boot  of  a  given  number  is  that 
number,  whose  sqtiai^e  is  equal  to  the  given  number. 

Thus  the  square  root  of  144  is  12,  because  the  square 
of  12  is  144. 

The  symbol  /,  placed  before  a  number,  denotes  that 
the  square  root,  of  that  number  is  to  be  taken :  thus 
v/25  is  read  "  the  square  rooc  of  25." 

122.  A.  number  which  has  an  integer  for  its  squai'© 
root  is  called  a  Pbkpkot  Squabe. 

123.  For  Perfect  Squai-es  not  greater  tlian  100  we 
know  the  square  roots,  thus  we  ki:ow  that  the  cquai'e 
root  of  81  is  9  ;  and  for  many  Perfect  Squai'es  greater 
than  100  we  know  rhe  square  roots  by  experience,  as, 
for  instance,  we  know  that  the  square  root  of  169  is  13, 
and  the  square  root  of  400  is  20,  and  the  square  root  of 
10000  is  100.  But  we  have  rules  for  finding  che  Square 
Root  of  any  Number,  as  we  shall  now  explain 

First,  suppose  we  have  to  find  the  Square  Root  of 
1225. 

We  draw  a  line  separating  the  two  figures  on  the  right 
from  the  other  two  ;  thus 

12125. 
The  figures  12  make  what  is  called  the  first  period. 
The  figures  25  make  what  is  called  the  second  period. 

We  then  take  the  nearest  perfect  square  not  greater 
than  12,  tliat  is  9,  and  place  it  under  the  12  and  put  its 
squai-e  root,  that  is  .S,  as  the  first  figure  of  tlie  square 
w» '  t  we  have  to  find,  thus 

i%m  ( a 
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We  subtract  9  from  12,  and  annes.  to  the  remainder  3 
the  second  period  25,  to  mn-ke  a  dividend,  aiid  we  double 
the  first  figure  of  the  root,  and  set  down  the  result  as 
the  first  tei-m  of  a  divisor ;  thus  our  process  up  to  this 
poiut  vvill  btand  thus  : 

12125  (  8 
9 

6     I  325 
Now  we  shall  have  to  annex  another  figure  to  the  6, 
and  we  must  therefore  reckon  the  6  as  six  tens^  or  60, 
and  then  we  seek  the  number  of  times  60  is  contained 
in  325,  and  this  being  five  times,  we  set  down  5  as  the 
second  figure  of  the  root,  and  annex  6  to  the  6,  bo  that 
our  process  np  to  this  poiut  will  stand  thus : 
12125  (  36 
9 

65  I  326 

We  then  multiply  65  by  6,  and  set  the  product  down 
under  the  325  ;    and  subtracting  the  product  from  the 
325,  we  have  no  remainder,  and  we  conclude  that  36  is 
the  square  root  of  1225,  the  full  process  being 
12125  (  35 
9 

66  j  826 
I  326 

Next,  to  find  the  square  root  of  622621, 
Drawing  a  Ime  to  mark  off  the  two  figures  on  the 
right,  and  another  line  to  mark  ofl:*  the  next  two  figures 
our  process  iov  finding  the  first  two  figures  of  the  root 
will  be  tli^  same  as  that  explained  in  the  first  example, 
and  it  wiii  bUud  thus : 

62126121  !7« 
49 

H8{l826 
11184 

I  141ft 
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We  now  annex  to  the  remainder  the  third  period  21,  and 
we  double  the"  part  of  the  root  ah-eady  found,  78,  and  set 
down  the  result  156  as  a  partial  divisor,  and  proceed,  as 
before,  to  divide  14121  by  1560,  and  annex  the  quotient 
9  to  the  root  and  to  the  divisor;  and  multiplying  16()9 
by  9  we  set  the  product  under  th«  14121  :  thus  our 
process  in  full  will  be 

62125121(789 

49 

14811325 
1184 


1669 


1412! 
14121 


.  .  789  is  the  root  required. 

Note. — In  practice,  instead  of  dividing  1825  by  140, 
it  is  usual  to  divide  132  bv  14,  and  instead  of  dividing 
14121  by  1560,  co  divide  1412  by  156.  The  quotient 
thus  obtained  is,  however,  sometimes  too  great,  as  will 
be  seen  in  the  next  Examples. 

We  now  give  two  Examples  in  which  the  first  period 
has  only  one  figure,  which  must  always  be  the  case  when 
the  proposed  square  has  an  odd  number  of  figures  in  it. 

To  find  the  square  root  of  189475225. 

Marking  off  the  figures  by  pairs  oomnv^ning  frcu:^ 
the  right,  we  have 

1189147152125  ( 18765 


28 

89 
69 

267 

2047 
1869 

2746 

17852 
16476 

27525 

137625 
137625 
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*:\oit.  —In  dividing  89  by  20  the  quotient  is  4,  but  if 
we  added  this  to  complete  the  divisor,  it  would  become 
24,  which  being  multiphed  by  4,  would  give  96,  a  num- 
ber larger  than  89. 

To  find  the  sr[uare  root  of  89601. 

8196101  (  199 

1 

2b i  296 
1261 


8«9 


8601 
3501 


Note  I. — Tlie  division  of  296  by  20  illustiates  the 
remarks  made  on  the  last  example. 

Note  II. — The  second  remainder,  35,  is  greater  than 
the  divisor,  29,  a  result  not  uncommon  in  this  operation. 


Examples 

.  (iv) 

d  the 

square  rooui 

of 

U) 

196. 

(2; 

029. 

(3) 

1024. 

(4) 

5625. 

(5) 

88209. 

(6) 

119026. 

iV 

106929. 

(8) 

751689. 

(9) 

193600. 

(10) 

697225. 

(11) 

86372U61. 

(12) 

22071204. 

yl'd) 

650183936. 

(14) 

6256250000. 

(15) 

4124961. 

{16) 

646121000^.0:.. 

(17) 

822896S^i. 

(18) 

191811  »7 13444. 

124.   To  find  iht  square  root  of  H.  iJ^icimoL  Fractit 

VN^hen  the  given  number  has  an  even  number  of  aeci- 
fiiHi  places,  we  proceed  to  find  the  square  loot  as  if  the 
jQinnber  were  an  integer,  and  mark  off  in  the  root  n 
ijiimhor  of  decimal  places  equal  to  lialf  the.  uumhar  in  Ih.t 


Thus,  11  the  square  be  a  decTmal  of  the  sixth  order, 
the  root  will  be  a  decimal  of  the  third  order, 
For  exiimpJe,  to  Gut!  +he  t^nuare  root  of  5-82224i/. 
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5-132122  49  (2-307 
4 


43 


46 


132 
129 


322 

Since  46  is  not  contained  in  32,  we  annex  an  0  to  the 
divisor,  and  also  to  the  root,  and  bring  down  the  next 
period  thus, 

4607  I  32249 
32249 


281-9041. 

(3) 

-9025. 

•0625. 

(6) 

•000729. 

1-002001. 

(9) 

44415-CG25 

Examples.    (Ivi).» 
Find  the  square  roots  of 

(1)  16-81.  (2) 

(4)  -2601.  (5) 

(7)  17242-3161.  (8) 

(10)  18947-5225. 

125.  In  finding  the  square  root  of  a  decimal  fraction 
we  must  be  careful  to  make  the  decimal  such,  that  the 
index  of  its  order  is  an  even  number. 

Thus,  if  we  have  to  find  the  square  root  of  -4,  we 
change  the  decimal  into  an  equivalent  decimal  of  the 
second,  fourth,  sixth... oxdiQY,    thus,  '40, -4000,  -400000,... 

This  is  done  m  order  that  the  denominator  of  the 

equivalent  fraction  may  be  a  perfect  square,  which  is 
the  case  in  the  fractions 

40      4000  400009 

100     10000  100-iOO!)*" 
but  not  in  the  fractions 

4        400  40000 

To    looo    100000 

Also,  since  for  every  pair  of  figures  in  the  square  we 
have  one  figure  in  the  root,  we  shall  have  to  take  a 
number  of  figures  in  the  decimal  part  of  the  square 
double  the  number  of  decimal  [laces  we  are  to  have  in 
the  root. 
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tinppose,  for   eiarnj/le,   wo  have   to  find  the  sqtiare 
-otof  '144  to /our  places  of  decimals. 
We  must  have  eight  decimal   places  in  the  square, 
thus,  -14400000,  and  we  mark  off  these  and  proceed  as 
in  the  extraction  of  the  root  of  whole  numhers,  the  root 
*'oing  a  decimal  of  ihe/ourth  order  :  thus, 
•14!4O0O0O(-87-34.  ... 
9 


67! 

I 

640 
469 

749 

7100 
6741 

75ft4  ! 

1 

1   8590C« 
30386 

5664 
x^oTE. — The  square  rooi  of  a  decimal  oi  an  odd  order 
a  non-terminating  decimal. 


(1)    20. 
(5)    -IBJ 


ia  a  non-terminating  decimal. 

EzaEopies-    (^^ii) 
Extract  to  four  places  of  decimals  the  square  roots  of 
(2)     30.  (3)     -9.  (4)     -121. 

■169.  (0)     -016.  (7)     -00064.        (8)     -00123. 

(9)     16-245.     (10)     -9.  (11)     -25.  (19)     42-08. 

126.  If  we  have  to  find  the  square  root  of  a  vul<::ar 
fraction,  we  can  always  by  multipHcation  make  the 
denominator  a  perfect  square,  if  it  be  not  ah'eady  so, 
multiphHng  the  numerator  by  the  same  number. 

We  then  fijid  the  square  root  of  the  denominator,  and 
find,  exactly  or  approximately,  the  square  root  of  the 
numerator,  and  make  the  results  respectively  the  de- 
nominator and  numeratoi'  of  a  fraction,  which  is  the 
root  required,  exactly  or  approximately. 

„      ,..      125       v/25        6 

^'-^'^-  V3-6-"=7"36       "6 

/2        /2x3  _  -/e  _  -/e 


Ex.  (2).  \  8    «  ^  33^8"        yg  g 
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We  can  now  extiact  the  square  root  of  6  to,  say 
three  places  of  decimals,  thus  : 

6-!00l00l00(  2-449 

4 


44 

200 
176 

484 

2400 
1986 

889 

4G400 
44001 

/2 


=  -810. 


2399 

2-440.. 

3~' 

Or  we   might  have  reduced   f   to   a  decimal,   thus  : 

•666666...,  and  then  have  extracted  the  square  root  of 

this  decimal. 

v/529  _  23  _  ^_7_ 

v/64    ~  8  ~  "  8 

1-28 
Ex.  (4).     To  fmd  the  square  root  of 


^-  (^)-  Vs^W^= 


12-5 


Here  we  can  reduce  the  fraction  to  lower  terms. 
Thus,  J-l:28^y;64_-8_32 
\  12.5       y/6-25     2-5 
127.  An  integer  can  always  be  changed  into  a  per- 
fect square  by  multiplying  by  a  number  equal  to  or  less 
than  the  proposed  integer. 
For  example, 

7  is  changed  into  a  perfect  square  if  multiplied  by  7 
18  is  changed  into  a  perfect  square  if  multiplied  by  2. 

Examples,  (Iviii). 
Find  the  square  roots  of 


(1) 

II 

(2) 

G4 
T2r 

(4) 

1369 

(5) 

15  12  9 
T8  3JIJ2"¥ 

(7) 

5il 

(8) 

8A% 

101 

38H 

(11) 

17U 

(S) 

289 
■912  5 

(6) 

5r\ 

(9) 

65|t 

(12) 

nu 

OUBK    SOO 
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m\d  find  to  four  places  of  decimalB  the  sqnare  roots  of 
(IB)     I  (U)    H  (15)    6| 

(IC)     9i  (17)     7614 

XIV.    Cube  Root 

128.  When  a  nnmher  is  u^altiplied  by  itself  twice, 
^he  result  is  called  the  Cube  of  the  number.  Thus  27 
is  the  cube  of  3,  and  216  is  the  cube  of  6. 

129.  The  OuBE  Boot  of  a  given  number  ia  that 
number,  whose  cube  is  equal  to  the  given  number. 

Thus  the  cube  root  of  343  is  7,  because  the  cube  of  7 
16  MB 

The  symbol  y ,  placed  before  a  number,  denotes  that 
the  cube  root  of  that  number  is  to  be  taken :  thus 
yj25  is  read,  "the  cube  root  of  125." 

130.  A  number,  which  has  an  integer  for  its  Cube 
Root,  is  called  a  Perfect  Cube. 

The  numbers,  less  than  1000,  which  are  perfect  cubes, 
shotdd  be  committed  to  memory :  they  are 

1,  8,  27,  64,  125,  216,  843,  £12,  729, 
and  the  cube  roots  of  these  numbers  are  respectively 
1,     2,     8,     4,     5,     6,    7,     8,    9. 

ISl.  To  find  the  Cube  Root  of  a  perfect  cube, 
greater  than  1000,  we  proceed  by  a  rule,  which  we  sliall 
now  explainc 

Ex.  (1).  To  find  the  cube  root  of  91126. 
4  91  j  125 

64 


12  6  4800 

625 

5425 


27125 
27126 


First  dividfi  the  number  91125  into  two  periods  by  drawing 
a  line  marking  off  tk'^ee  figures  on  the  right. 

Then  take  the  nearest  perfect  cube  not  greater  than  91, 
which  is  64,  and  set  down  its  cube  root,  which  is  4.  in  » 


liu 


axmy.   hoot. 


liufi  with  91125,  and  some  way  to  the  left.     This  is  the 
firBt  figdre  of  the  root. 

Then  subtract  64  from  91,  and  to  the  romainder  attach 
the  second  period,  125. 

Now  place  three  times  the  first  figure  of  the  root,  12,  to 
the  extreme  left,  and  three  times  the  BqnurB  of  the  first 
figure  of  the  root,  48,  with  two  zeros  aunexod  to  it,  just 
on  the  left  of  the  27125. 

Divide  27125  by  4900,  and  set  the  quotient,  6,  midway 
bstwsen  12  and  4800.  Then  read  12  5  as  125 
multiply  this  by  5  ;  put  the  result,  625,  under  the  4800 
add  it  to  the  4BO0 ;  this  gives  6425;  multiply  this  by  5 
put  the  result,  which  is  27125,  under  the  first  remainder 
subtract,  and  as  there  is  no  remainder,  the  prucesb  is 
complete,  and  the  root  is  45. 

Examples-    (hx) 

Find  tho  cube  roots  of 


40y8.  (2)  82768.  (8)  74086. 

49aoa9.  (fy)  614125.  (6)  262144. 

89804.  (8)  889017.  (9)  61412".. 

970299.  (11)  59319.  (12)  250047. 

let  us  take  the  case  in  which  the  cube  root  has 
tliiee  figures,  aod  exti"act  the  cube  root  of  4286<il064. 
7  428  i  661  1  064 

848 


•^) 

(7) 

(10) 

Next, 


SI 


4700 
1076 

5775 

26j 


85661 


7887P 


2::^ 


4         1687500      6786064 
9016 


1696516       6786064 


We  separate  tho  number  428661064  Into  three  period*, 
and  take  the  nearest  perfect  cube  not  greater  than  428, 
which  is  348,  and  we  set  iiown  its  cube  root,  which  is  7. 
We  then  subtract  348  horn  428,  and  annex  to  the 
rbijL»tiut.ier  661,  the  eecond  period. 


OTTBX    ROOT. 


HI 


Then  we  iwt  do-jrr;  three  tiineB  7,  which  is  21, 

and  thrtjo  limes  the  square  of  7,   which  Ls  147,   and  add 

two  zeros  to  it. 
Then  we  divide-  35661  by  14700,  which  gives  the  quotient 

6,  and  this  we  put  down  midway  between  21  and  14700. 
Then  we  multiply  215  by  5,  which  gives  1075  ;  we  add 

this  to  14700*;  we  multiply  the  result,  15776,  by  5  ;  and 

Bubtraot  the  product,  78875,  from  S5661  ;  and  to  the 

remainder  we  annex  the  third  period,  064. 
We  then  set  down  three  times  75,  which  is  225, 
and  three  times  the  square  of  75,  which  is  16875. 

N.B. — This  last  result  can  be   obtained  by  setting  the 
square  of  5,  the  second  figure  of  the  root,  under  the  second 
divisor,  and  adding  the  three  numbers   coupled    by    the 
bzracket. 
We  then  annex  two  zeros,  to  16875  and  rep->:    the  process 

es.pkoned  above,  to  find  4,  the  third  figurt^  jf  the  cube 

root,  which  is  in  this  ca^t:  764. 

J^ext,  t&Le  the  case  in  which  the  root  ha.8  four  figures 
a«d  find  the  cube  root  of  14882687'JUcJ, 


7«i 


786 


14  1  H'SJ,  1  537  j  9»a 
8 

1200 
256 

6882 

1466 
16 

6824 

172800 
8623 

lO'l«5i<V 

176425 
25 

8.*-i!'25 

18007500 
0l-lV^9 

126^1 2\>9S 

18U5by99       126412993 

Rcucc  the  root  required  is  24.07. 

NoTK.— In  dividing  6832  by  1200  the  qu' Hf^nt  ie  5,  hut  li 
we  took  this  for  the  second  fi^Ture  o^  the  root  we  shonld  find 
thai  thp  atldition  of  5  times  L»6,  or  B26,  to  1200,  w^uid  frive 
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1525,  and  this  multiplied  by  5  would  give  7625,  a  nnmb3r  too 
large  to  be  subtracted  from  6832. 

Examples.    (Ix). 

Find  the  cube  roots  of 


H) 

14706125. 

(2) 

149721291. 

(3)  28934443. 

^) 

800763000. 

(5) 

2097152. 

(6)  5735339. 

Uj 

99252847. 

(8) 

1092727. 

(9)  16777216. 

(10) 

194104530. 

(11) 

84027672. 

(12)  130323843. 

(13) 

32282S85G. 

(14) 

354894912. 

(15)  490227072. 

(16) 

134217728. 

(17)  v. 

22615327232. 

(18) 

673373097125 

132,  To  extract  the  Ciihe  Boot  of  a  Decimal  Fraction. 

In  order  tlia't  a  Decimal  Fraction  may  be  a  Perfect 

Cube,  it  must  be  of  the  S'd,  6t!i,  9th order,'  the 

Index  of  the  order  being  some  multiple  of  3. 

We  then  proceed  in  the  following  Avny  : 
Ex.  (2)     To  find  the  cube  root  of  -343. 
«/ ■     \\'U^      7 

^■'^  =^W  =  iI7=-7- 

Ex.   (2)     To  find  the  cube  root  of  -039304 
39304         34 


•039304 


=V^ 


=  •34. 


Ex.  (3) 


lO'JOOOO      100 
To  find  the  cube  root  of  -012812904, 

1000 


„.— , .        W  12812904 

r-012812904   =Vi-oo00OO00O 


•234. 


133.  To  extract  the  cube  root  of  an  integer  or  deci- 
mal expression  to  a  particular  j)lace  of  decimals,  we 
must  take  three  times  the  mimber  of  decimal  places  in  the 
expression. 

Thus,  to  find  the  cube  root  of  4-23  accurately  to  three 
places  of  decimals  we  extract  the  cube  root  of  4-  230000000, 
making  the  given  expression  a  decimal  of  tho  ninth 
order.     In  working  this  example  wo  find  the  cube  root 
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of  4280000000,  regarded  as  a  whole  number,  and  mark  off 
three  decimal  places  in  the  result. 

134.  The  cube  root  of  a  Vulgar  fraction  may  be  fmmd 
by  taking  the  roots  of  the  numerator  and  denominuior, 
or  by  reducing  the  fraction  to  a  decimal  of  the  3rd,  6th, 
9th.....  order,  and  proceeding  as  in  Art.  133. 

Examples.    Gxi). 
Find  the  cube  roots  of 
^  {\)       -389017        (2)       -048228644         (8)      27064-036008 
*  (4;    m\        (5)     m        (S)     6^         (7)     406^  ; 
and  find  to  three  places  of  decimals  tlie  cube  roots  Oi 

(8)     6  (9)     576  (10)     -121861281 

^11)     16-926972504  (12)   f  (13)     \ 

(14)     \  (15)   7f  (16)     8^ 

135.  The  foK/rtJi  root  of  a  number  is  found  by  taking 
the  square  root  of  the  square  root  of  the  number. 

Thus  y4096  ==  ^/64  =  8. 

The  sixth  root  of  a  number  is  found  by  taking  the  cube 
root  of  the  square  root  of  the  number. 

Thus  i/64  =  V8  =  2. 

Examples,    (l^ii) 

tina  the  fourth  roots  of 

(1)     581441      ,      (2)     4100626  (3)     1676-2961; 

and  the  sixth  roots  of 

(4(     4826809         (^)    2i7949112Sii     (6)     282429-586481. 


COMMERCIAL  ARITHMETia 


XV.   On  English,  Canadian,  and  United  States 
Currencies. 

i36«  Having  explained  the  principlea  and  processes 
of  Pure  Arithmetic,  wo  proceed  to  show  how  they  **/« 
apphed  to  Commercial  affaii's. 

Measures  op  Mokby. 

4  farthings  are  equivalent  to  1  penny, 

12  pence  are  equivalent  to  ,     1  shilling 

20  shillings  are  equivalent  io   1  pound. 

The  bj  mbol  i'  placed  before  or  over  a  number  denotes  fH>uruh, 

s aftei    shilhngst 

d after    petice. 

£      ff.    d. 
rhns  £1L  6*.  ?(/.,  or  14.  5.  7  stands  for   fourte<^a 
pounds,  five  shiUings  and  seven  pence.  * 

Since  1  farthing  is  one-fourth  of  a  penny, 
2  farthings  are  one-half  of  a  penny, 
8  farthings  are  three-fourtiis  of  a  ~>6::'t;y. 
Hence  the  symbol  hi.  is  placed  for  1  farthing, 

\d 2  farthings  or  a  halfpenny. 

|d 8  farthings. 

The  symbol  q.,  placed  after  a  number,  is  sometimes 
ased  to  denote  farthingti:  Oius,  3^.  stands  for  three 
farthings. 

137.  We  call  £li  Sk  simple  quantity,  and  £14.  6«.  7d, 
ft  compound  quantity,  because  the  former  is  expressed 
with  reference  to  a  dngle  unit,  while  the  latter  is  ej- 
pressed  with  ipfpience  io  three  di^'er&i'U  unit*. 


OJLKiuDlAN     AND     IJNITPII,     ftlATKS     (X,iLV».  JlS 

138.  Tho  unit  in  Cauadiau  and  United  BtatCH  cur- 
rencies is  called  a  dolla.r.  Tho  Wntli  j)art  of  lliiji  unit 
is  called  a  diim ;  the  Unth  part  of  the  diino  is  called  a 
cent ;  and  the  tenth  of  the  cent  is  called  a  mill.  We 
may  conceive  the  unit,  then,  to  be  diWded  into  ten 
equal  parts,  each  of  these  parts  into  ttm  other  equal 
parts,  ajid  so  on.  Hence  Canadian  and  United  States 
currencies  are  based  on  the  Dfcivud  :s^,^fem  of  Notation^ 
and,  therefore,  all  operations  in  these  currencies  ai"e 
performed  by  means  of  the  roles  in  Decimal  I'lactions. 
It  is  to  this  circumstance  thut  they  owe  their  great 
simphcity. 

TABLE  OF  CANADIAN  AND  UNITED  STATES  COINS. 

CANiLDIAN    COINS.  UMTtl'    HTATKS    COINS. 

Gold.  Gold. 

British    Sovereign.      -^    -'.li  Double  Eagle,  or... S'2'» 

$4,861.  Eagle,    or  Il<i 

British  Half-Sovereign.  Half   Eagle,  or......    '}•> 

T  '.iree  Dollar  Piero. 

Quarter  Eagle,  or . . .   1 2] 

Dollar. 

SJrrr,  iiHlver, 

Dollar. 

SO-cent  piece  aa&wers  to Halfdoilar. 

2.')-cent  piece  answers  to Quartet  <iollftr. 

20-eent  piece  (no  longer  coiu«.'d). 

10-cent  piece  answers  to Dime. 

5-CPCt  piece  answers  lo 5-ceut  picc*^ 

B-ceiit  pjpp*- 

Bronet.  HroM^. 

t  ceul.  1  ceiit. 

Wdl,  not  coined.  Mill,  not  coined. 

r.i.  (1).     *2.'il,  Toentfi,  8mil!8. 

-  ^(251-f  i%  +  roTr+  TT(TnV 

'.^  S;,261.f  riou) 

-  *  251-073. 
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REDUCTION    OF    MONEY. 


Ex.  (2).     ^55-923 

=  e(55  +  -,Vo+TATr) 

=  $  55  +  92  cents  +  3  mills 

=  S  55,  92  cts.  3  mills. 

The  English  gold  coinage  consists  of  H  pnre  metal  and  of 
jV  alloy. 

The  gold  and  silver  coinage  of  the  United  States  consists 
of  "iV  pure  metal  and  ^^^  alloy. 

The  silver  coin  in  Canada  and  England  is  f  ^  pm^e  metal 
and  vV  copper. 

Gold  and  silver  thus  alloyed  are  called  standard.  The 
gold  or  silver  before  it  is  coined  is  called  hidlion. 

The  1-cent.  piece  is  made  of  bronze,  and  is  1  inch  in 
diameter,  and  100  of  them  weigh  1  lb.  avoirdux)ois. 

The  term  carat  is  employed  to  denote  the  fineness  of  gold, 
Perfectly  pm-e  gold  is  said  to  be  24  carats  fine ;  a  mixture  of 
18  parts  pure  gold  and  6  parts  of  some  other  metal,  is  said  tt/ 
be  18  carats  fine.     This  latter  is  termed  jellewer's  gold. 

REDUCTION  OF  MONEY. 

139.  The  expression  5s.  7d.  stands  for  a  sum  of 
money,  wliich  is  made  up  of  five  shillings  and  seven 
pence.  Now,  since  one  shilling  is  equivalent  to  twelve 
pence,  five  shillings  are  equivalent  to  sixty  pence  ;  and 
therefore  five  shillings  and  seven  pence  are  equivalent 
to  sixty-seven  pence. 

The  process  Dy  which  we  change  the  'compound  ex- 
])ression  5s.  7d.  into  the  equivalent  simple  expression 
67<i.,  is  arranged  thus  : 

s.     d. 
5  .  7 
12 

67^. 

and  we  describ  the  process  thus:  We  change  the  5 
shillings  into  ■pence  hy  multiplying  by  12,  and  ^dd  to  the 
product  the  7  i)ence. 


REDUCTION    OF    MOKJCT,  11? 

Af^M,  to  ehange  the  componnd  expreesicn  X4.  Is.  XO^d. 
into  &a  equivalent  number  of  farthings,  we  proceed  Liius  : 

£         I.  (f. 

4  .   7  .   10^ 


878- 
12 

1064d. 
4 

4218^. 

.  iTs*.  w©  change  £A  to  shillings  and  add  7s.,  making  873.  ; 

then  G7i.  to  pence lOd.,  nisikin^  1054rf. ; 

tnec  .  1064(i.  to  farthings 25,,    making  421^9- 

Examples,    (tnii) 

Beduco  to  farthings 

(1)  8K;  7i.;  Ca.;  ll^rf. 

(2)  2«.  Sd.]  6s.  7id.;  12??.  Q^rf.;  Us.  7\d, 

(3)  i?3.  12.'.;  £5  ;  ^2.  17«.  6^.1;  i.'17.  4^.  SJd. 

Reduce  to  pence 

.>)     65.;  43.  lOd.;  7s,  lOd.]  8^.  9<i.;  13«.  7d. 

(5)  ^4  ;  £6.  2«.  4rf.;  £17.  14«.  5(i.;  £58.  13s.  11,/ 

(6)  £l7'k.  10^.;  £482.  15s.  lOJ.;  £1274.  17.^.  9<.'. 

140.  Tlife  converse  operation,  by  which  we  express  a 
simple  quantity  in  terms  of  an  equivalent  compound 
quantity,  will  be  best  explained  by  the  following  Ex- 
amples. 

Ex.  (1).  Nine  farthings  will  be  expressed  as  pence  and 
farthings,  if  we  divide  9  by  4  (since  4  fartlnugs  =  1  penny), 
set  down  the  quotient  as  pence,  and  the  remainder  as 
farthings,  thus  :  9  farthmgs  =  \d.  =  2^d. 

Ex.  (2).  Again,  33  pence  will  be  expressed  as  shillings 
and  pence, if  we  divide  83  by  12  (since  12  peuce  =  1  shilling), 
set  down  the  quotient  as  shillings,  and  the  remainder  as 
pence,  thus  :  83  pence  =  f|  shillings  =  23.  9d. 

Ex.  (8).     Mso,  75  shillings  —  ^^  ponods  =-  £3. 15.«. 


Ex.  (4).     To  eipresa  4il756o9  farthicga  -'ii  terma  of  Ji  a.  «. 
f&rtlilngB. 

4  i  4'27r>nyu 


ii 


12     liH;8vi'jya.  /^u»i  8  furtiunRfl  ovoT. 


2  0  1      8907,5s.  and  9  paiee  .  v,.r. 

i;4453      aud  155.  cv(-r. 
.-.  4275639  farthings  ^  X*4463  15a.  ^d. 

Thsse  methods  of  expressing  a  given  sum  of  money 
in  another,  but  equivabni.  form  are  inchidf".)  in  the 
\;rord  Reduction. 

Biamples.  Gxiv) 

Bodnce  to  pence  a..  ;  faxthings  the  following  i;;:;;;oors 
of  fartliinj^H  : 

(11     :>1.  (2)     173.  (3)     197. 

Reduce  to  shillinc:'',  pence  and  farthings  the  foiiowing 
tiunabers  of  farlliingH  : 

(4)     357.  (5.1     179.  (())     7-17. 

lUnlnce  to  t  s.  d.  the  foiiowing  numbers  of  fartli^n^;.,  : 

(7)     4238.         (8)     370)289.         (9)     M238i). 

141.  The  copi)er  coins  in  use  in  Great  J>ritain  au 
the  Fartliing,  the  Half[)enny,  and  tlio  Ponny. 

The  silver  coins  in  um  ai'e  tlie  Crown.  (5^.),  the  J  ?;;':! 
crown  (2.S'.  6r/.),  the  Florin  (2*\),  the  Shil]mo|,  tiie  Hk- 
pence,  the  Fonrpenn y  piece  (or  (jroat),  and  the  Thr<;t, 
penny  piece. 

The  gold  coins  in  liso  are  the  Sovereign  orPouiid,  and 
the  1 1  >•  If.  sovereign.  The  Guinea  (21s.)  and  the  Ha!f- 
^inea  (10^.  6(/.)  n.n?  not  in  use,  but  reference  is  Cre- 
r^nfntJr  made  to  them. 

COMPOUND  ADDITION, 

142.  lo  adding  compound  expressions  together,  w« 
bUow  the  princip]*"^  'vliich  regulate  the  process  of 
44drjni4  Hi  tht:  case  oi  pure  numbers. 
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Tbnp,  in  adiiug  sums  of  money  we  arrango  iiioin  so 
that  tljo  pounds  stand  under  pounds  in  vertical  col- 
umus,  pliilUngs  luider  aliillings,  pence  under  pence,  and 
faitliingH  under  farthings.     For  example,  if  we  have  to 

5<j.  -id.,  and  17^.  9\d., 


add 

togeUier 

irrango  11 

I  cm 

tlius 

3a. 

,  8i. 

t. 

4 

J<  . 

5 

17  , 

XI  •  10  •  8^ 

Adding  the  columns  of  faiihings,  we  find  its  sum  to 
be  6  fartliings,  and  thi^i  heing  equivalent  to  1  penny 
and  2  fartliings,  we  place  \  under  the  column  of  far- 
things, and  cany  on  1  for  addition  to  the  column  of 
pence. 

The  sum  of  the  column  of  pence,  increased  by  J,  wo 
iind  to  be  20  pence,  and  this  being  equivalent  to  1  sliil- 
ling  and  8  ponce,  we  place  8  under  the  column  of  pence 
and  cgj-ry  on  1   for  addition  to  the  column  of  shillings. 

The  sum  of  the  columns  of  shiUings,  increased  by  1, 
we  find  to  be  30  shillings,  and  this  being  Gqrivalent  to 
A  pound  and  10  shillings,  we  place  10  under  the  col- 
umns of  shillings,  and  set  down  £1  by  itseh  on  I'Jie  left 
hand. 

Again,  if  we  have  to  add  together  S.%^  4*.  9^0?., 
iB82  125.  Ikd,,  £245  0^.  %L,  £7  lo«.  S\d.,  tr-d  As  Si<?., 
we  8JTai:^<^  them  thus : 


£ 

«. 

d. 

'i*;  . 

4  . 

•  9J 

82  . 

12 

•  7i 

245  . 

,     0  , 

.  2 

7  , 

.  15 

.  8J 

0  . 

4 

•  8j 

Jioll  .   J8  .  01 
Addmg  the  column  of  farthings,  we  find  its  sum  to  be  Ji 
I'ai  tilings,  and  this  being  equivalent  to  2  pence  and  1 
faithing,  we  place  }  under  the  column  of  farthings,  and 
carry  on  2  for  addition  to  tlie  column  of  pencQ. 
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The  sum  of  the  column  of  pence,  increased  by  2,  we 
find  to  be  86  pence,  and  this  being  equivalent  to  8  shil- 
lings, we  place  0  under  the  column  of  pence,  and  carry 
on  thiee  for  addition  to  the  column  of  shillings. 

The  sum  of  the  columns  of  '^hillings,  increased  by  3, 
we  find  to  be  88  shillings,  and  this  being  equivalent  to  1 
pound  and  18  shillings,  we  place  18  under  the  columns 
of  shillings,  and  carry  on  1  for  addition  to  the  columns 
of  pounds. 

The  gum  of  the  columns  of  pounds,  increased  by  1,  we 
find  to  be  311,  which  we  place  under  those  columns, 
and  the  sum  b  complete. 


Examples.  (Ix^) 

Perform  the  operation  of  addition  on  the  following 
sums  of  money  : 


1 

«. 

d. 

£ 

a.    cL 

s 

«. 

d. 

£ 

9.   d. 

(1)8, 

.5. 

2 

(2) 

5  , 

.8.3 

(8) 

G, 

.8. 

7 

(4) 

7. 

,6.8 

4. 

.6. 

8 

7. 

.9.6 

■^z. 

.  €  , 

8 

5  , 

.8.  4 

7. 

.9. 

8 

8 

.4.9 

8, 

.9. 

10 

9. 

,6.0 

2, 

.4. 

10 

6, 

.6.2 

9. 

7. 

6 

7. 

,4.  11 

4. 

.9  . 

2 

9 

.0.4 

4 

.  3  . 

.  0 

2 

.6.10 

£     $.       d.  £.     8.      a.  £     8.    d.  £     s.    d. 

(6)  8  .  4  .  3i     (6)  4  .  7  .  6i  (7)  7  .  8  .  4f   (8)  6  .  2  .  5^ 
2  .  5  .  4i  6  .  8  .  9i  6.9.2  5  .  8  .  2^ 


7.6 

.  8i     9 

.5  . 

■  n 

5  .  2  .  7i 

7.8. 

4^ 

6.9, 

.  6^     8 

.7. 

H 

6.3.9 

8.9. 

1 

(9) 

4.7. 

.9*}     6 
(10) 

.9  , 

.Gi 

7  .  5  .  4i 
(11) 

6.8. 

-H 

(12) 

£ 

s. 

d. 

£         «. 

d. 

£ 

8.       d. 

£            8. 

d. 

16. 

,  19  . 

.    4 

26.  9  . 

2 

17 

.9.10 

21 .  :i . 

3 

14. 

,  18 

.  2 

13.  0. 

11 

61 

.  11  .  4 

87.  5  . 

9 

C7. 

,  8 

.10 

9  .  16  . 

4 

18 

.6.9 

4.  6. 

2 

42. 

5  . 

.  8 

67  .  17  . 

8 

28 

.14.  7 

17  .  17  . 

7 

12. 

,  7. 

9 

24  .  19  . 

2 

21 

.  8.  7 

89  .  18  . 

6 

16. 

10  . 

.  4 

89  .  16  . 

8 

93 

.  14.  6 

47  .  11  . 

10 
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4 

f.     d. 

£         f.      (I. 

£ 

s.         d. 

(18)  16  . 

,    8.7i 

(1*) 

1  35  .    8  .  9i 

(15)  143  . 

,17.    9i 

78. 

13  .  9i 

76  .  10  .  4i 

876. 

11  .    2i 

21  . 

,  17  .  4i 

25.    8.9 

972. 

9.10 

6. 

8.7 

4.    0.7i 

897. 

4.    8i 

86. 

,  11  .  4i 

86  .  12  .  6i 

674. 

4.10i 

42. 

8.2i 

42  .    5.9} 

588. 

9.    6i 

COMPOUND  SUBTRACTION. 

143.  The  process  of  snbtracting  one  compound 
quantity  from  another  is  founded  on  the  principles  ex- 
plained in  Ai-t.  20,  and  the  following  Example  will  supply 
ill  that  is  necessary  to  make  the  method  clear  : 

s,       8.     d. 
From  27  .    5  .  2^ 

Take  13  .  17  .  4^ 


^18.    7.9i 

Arranging  the  columns  as  in  addition,  we  reason 
thus :  we  cannot  take  2  farthings  from  1  farthing,  and 
we  therefore  add  4  farthings  to  the  1  farthing,  making  5 
fai-things,  and  taking  2  farthings  from  5  fai'things  we 
obtain  as  a  remainder  3  farthings,  which  we  set  down 
ander  the  column  of  farthings. 

We  then  add,  by  way  of  compensation,  1  penny  to  the 
4  pence  in  the  lower  line.  We  have  then  to  take  5  pence 
from  2  pence,  and  as  we  cannot  do  this,  we  add  12  pence 
to  tlie  twopence,  making  14  pence,  and  taking  6  pence 
from  14  pence,  we  obtain  as  a  result  9  pence,  which  we 
placG  imder  the  column  of  pence. 

We  then  add,  by  way  of  compensation,  1  shilling  to 
the  17  shillings  in  the  lower  line.  We  have  then  to 
take  18  shiUings  from  6  shillings,  and  as  we  cannot  do 
this,  we  add  20  shillings  to  the  6  shillings,  making  25 
shillings,  and  taking  18  shillings  from  25  shillings,  wc 
obtain  as  a  result  7  shillings,  which  we  place  under  the 
column  of  shillings. 

Finrlly,  we  add,  by  way  of  compensation,  1  pound  to 
the  18  pounds,  and  we  take  14  pounds  from  27  pounds, 
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obtaining  as  a  remaiader  13  pounds,  which  we  plaoe 
under  the  column  of  pounds. 


Examples.  (Ixvi) 

£            8.            d. 

£          «. 

d. 

(1) 

From 

94  •  12  .  7  take    58  .  9  . 

2. 

(2) 
(3) 

t  f 

75  .  9  .  6   , 

47  .  8  . 

8. 

68  .  18  .  4   , 

49  .  14  . 

5 

(4) 

276  .  17  .  5i    , 

37  .  19  . 

7i 

(6) 

1247  .  6  .  lOi  , 

,   1246  .  11  . 

Si 

(6) 

8000  .  10  .  7f  , 

,   2998  .  13  . 

llf 

(7) 

199  .  0  .  Oi  , 

198  .  19  . 

10^ 

(8) 

80609  .  5  .  2f  , 

,  79089  .  12  . 

5i 

(9) 

44005  .  7  .  9i  , 

,   7890  .  10  . 

2i 

(10) 

80704  .0.5   , 

,  29484  .  0  . 

H 

COMPOUND  MULTIPLICATION, 

144.  To  multiply  a  compound  expression,  as 
£4  8«.  9|(Z.,  by  a  number,  as  9,  is  equivalent  to  taking 
the  sum  of  nine  expressions,  each  equal  to  £4.  8«.  9iei. 
Instead  of  writing  tliese  expressions  one  under  the 
other,  and  finding  their  sum  by  the  process  of  addition, 
we  obtain  the  requu'ed  result  by  multiplying  each  of 
the  four  quantities,  composing  the  expression,  sepa- 
rately by  ^',  calculating  the  value  of  each  result  as  in 
addition,  setting  down  part  of  those  results  under  the 
several  columns,  and  carrying  on  part,  as  in  addition, 
thus: 

4    .     8    .    9i 
9 


^89    .    19   .    8i 

The  process  may  be  more  fully  explained  thus : 

0  times  3  farthings  =  27  farthings  =  %\(l.'.  Bet  down  | 
un  Jer  the  column  of  farthings,  and  carry  on  6  to  the  pence. 

9  times  9  pence  =  81  pence,  and  6  pence  added  gives  87 
pence  =  7s.  '6<i.:  set  down  3  under  the  column  of  pence,  and 
carry  on  7  to  the  shillings. 

9  times  8  shillings  =  72  shillings,  and  7  shillings  added 
gives  79  shillings  =  i!3.  19«.:  set  down  19  under  the  colmnn 
^i  phiUing*,  and  carry  on  8  to  the  pounds^ 
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9  iimefl  4  pounds  =  36  pounds,  and  8  pounds  added  (Hves 
89  pounds,  which  is  set  down  under  the  pounds. 

145.  When  the  mnltiplier  can  be  split  up  into 
factors,  each  of  which  is  not  gi*eater  than  12,  we  multi 
plT  the  compound  expression  first  by  one  of  the  factors, 
and  then  multiply  the  product  by  anotlier  of  the  factors, 
as  in  the  case  of  Simple  Multiplication. 

Thus  if  we  have  to  multiply  £'12  U.  l\d.  br  15,  we 
multiply  first  by  6,  and  the  product  by  3,  thus  ; 
£      8      d. 
12  .  4  .  7J 


61  .  8  .  1^  Product  by  6. 


^183  .  9  .   4i  Product  by  15. 
Again,  to  multiply   ;£17   14«.  9(Z.  by    180,   wf 
proceed  thus : 

17  .  14  .  9 
10 


may 


177  .  7 


6  Product  by  10 
6 


1064 


0  Product  by  60. 
3 


^3192  .  15  .  0  Product  by  180. 


Examples.    (Ixvii) 
Find  the  value  of 

(1)  4  things  at  7^.  3<i.  each.     (2)  5  at  Ud.       (3)  6  at  l\d,. 

(4)  7  at  9s.  Qd.        (5)     8  at  2s,  Ad.       (6)     10  at  2«.  2^. 

(7)  llat.£2U4(L  (8)     12  at  ,£1  4«.  3(1 

(9)  14  at  Ma.  (Sd.      (10)   15  at  7^.  I0\d.      (11)  16  at  27« 

i2)  18  at  17s.  U.  (13)     20  at  Mb  11«.  ^. 

14)  21  at  OS.  l\d.  {W\     22  at  £'5  11».  4(i. 

16)  24  at  £4  7s.  2<i.  (17)     25  at  4«.  6<i. 

'8)  27  at  OS.  Uyi.      (19)  28  at  2s.  M.     (20)  30  at  Ml  12i. 

Xi)  3d  »t  n  2a.  (22)    36  at  ^1  2».  &i 


l'^4 
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146.   When  the  multiplier  cannot  be  split  up  mt3 
factors,  we  may  proceed  as  in  the  following  examples : 

Ex.  (1).  To  multiply  ^17  126-.  d^d.  by  79. 


£ 

17 

s. 
.  12 

d. 

.     9i. 
10 

176  . 

,     7  , 

.     8^  Product  by  10. 
7 

1233  . 
Multipljdngfirstlineby  9    158  . 

,  13  . 
14  . 

,  1 U  Product  by  70. 
lii  Product  by  9. 

Avldlng  the  last  two  results  i'1393  .     8  .  10|  Product  by  79. 
Ex.  (2).  To  multiply  £3.  17s.  d^d.  by  3296. 


Multiplying  Sth  line  by  2      777 
Multiplying  3rd  line  by  9 
Multiplying  1st  line  by  6 


A^ddine:  last  four  results  ^12820 


£ 
3 

s. 
o  17 

d. 
,     9^ 
10 

38  . 

.  17  . 

.  11 

10 

Product  by  10. 

388  . 

,  i9  . 

.     2 
10 

Product  by  100= 

3889  c 

11  , 

.     8 
3 

Product  by  1000. 

116G8  . 
2      Til  < 
)      350  . 
)        23  . 

15  . 

18  . 

1  . 

G  . 

0 
4 
3 
9 

Product  by  3000. 
by  200. 
by  90. 
"        by  6. 

£12820  . 

1  . 

4 

Product  bv  3296.. 

147.  The  loUowing  is  a  method  by  which  the  process 
of  multiplying  a  compound  quantity  by  a  number  greater 
than  1000  is  somewhat  shortened.  We  take  as  aa  illus- 
tration the  example  just  worked.  The  process  is  so 
simple  that  no  verbal  explanation  is  necessary. 
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S  I  8296 

d.  1648 
29664  the  result  of  multiplying  the  top  line  by  9. 


12 


31312 


8.  2609  and  4(f. 


23Q70  ) 

8296^  (  *^®  J^esult  of  mtdtiplyin^  the  top  line  by  It. 


£    2932  and  Is. 

9888  the  result  of  multiplying  the  top  line  by  5. 


^12820  .  Is.  .  4i. 

Examples.    (Ixviii) 
Knd  the  value  of 

(1)  29  tilings  at  4s.  6d.  each.       (2)  89  at  13i.  P4d. 

(8)  47  at  Is.  QU.  (4)  71  at  Is.  8d. 

(6)  89  at  6s.  8d.  (6)  128  at  5s.  Ud. 

(7)  145  at  £1.  3s.  2d.  (8)  2154  at  ^7.  Is.  Sd. 

(9)  3210  at  £1.  18s.  6f<£.  (10)  2176  at  £2,  15s.  Ud, 
(11)  3684  at  £2.  6a.  9^^. 

COMPOUND  DIVISION. 

148.  The  process  of  dividing  a  compound  quantity 
by  a  number  is  based  upon  tiie  principles  exj)lained  in 
the  case  of  Simple  Division,  as  will  be  seen  fi'om  the 
following  Examples : 

Ex.  (1).  To  divide  £16  17s.  Ud.  by  9. 
(  13  .  17  .  li 

£X  .  10  .  9i  Quotient. 
We  reason  thus : 

j613  divided  by  9  gives  £1  as  quotient  and  ^64  remainder ; 
^64  =  80  sliilUngs,  and  17  shillings  added  97  shillings. 
978.  divided  by  9  gives  10s.  as  quotient  and  7s.  remainder; 
7s.  =  84  pence,  and  1  penny  added  gives  85  pei!ce. 
S5d.  divided  by  9  gives  9d.  as  quotient  and  4d.  remainder ; 
4d,  =  16  farthings,  and  2  farthings  added  gives  18  farthings. 
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ISq,  divided  by  9  gives  2g.  as  quotient,  and  no  I'emainctei'. 
Ex.  (2).  To  divide  £51  155.  5d.  by  35. 


The  factors  of  35  are 


51   . 

s. 
15 

.  5 

10 

7 

1 

4 

53  . 

15 

8 

4 

13  . 

8  . 

11 

' 

3. 

7  . 

2| 

^1  .     9.7  Quotient. 
Ex.  (3).  To  divide  £53  15s. '  Sd.  by  112. 


Tlie  factors  of  112  are 


9  .     7i  Quotient. 
Ex.  (4).  Divide  £119232.   Is.   10^^/.  by  346o. 

3465 )  119232  .  1  .  10^  (  £34 
10395 

15282 
13860 


1422 
20 


3465)28441  (8s. 

27720 


721 
12 

3465  )  8662  (  2d. 
6930 

1732 

4 

3465  )  6930  ( 2g. 
6930 


the  Quotient  is  £34  8s.  2p. 


L  Divide 
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Examples,    (iziz) 


(1)    £1.  8«.  7hi.  by  8.  (2)    £S9.  Is.  6d.  by  7. 

(8)     £11.  8«.  hd.  by  12.  (4)     ^43.  12«.  Sd,  by  11. 

(5)    £6.  2».  lid.  by  10.  (6)     ^22.  lU,  6d.  by  12 


n.  Divide 

(1)    ^8.  lU,  9d.  by  54.  (2)    ^618.  7».  9d.  by  68 

(8)     ^29.  lis.  Od.  by  108.  (4)    ^15.  8s.  by  132. 

(5)    ^8.  98,  4Lid,  by  45.  (6)     ^43.  12«.  Qd,  by  4^ 

m.  Divide 

)  ^167.  19s.  2d.  bv  145.  (2)  £40.  8*.  4^  by  241. 

8)  £453.  11«.  9id.  by  365.  (4)  £40669.  2s.  Id.  by  9652. 


(6 


6)  £93.  Is.  2^.  by  291.  (6)  £139.  8*.  6i.  by  117. 

149.  One  quantity  is  contained  in  another  of  the 
same  kind  as  often  as  the  measure  of  the  first  is  con- 
tained in  the  measure  of  the  second,  the  same  unit  of 
measurement  being  taken  in  both  cases. 

Ex.  (1).  How  many  times  is  Is.  Id.  contained  in  16«.  Sd.  ? 

U.  Id.  =  ISdy;  and  16«.  Sd.  =  195d, 
Now  18  is  contained  15  times  in  195  ; 

.*.  13d.  is  contained  15  times  in  195(2. 
Ex.  (2).    How  many  times  is  £4.  ds.  2d.  contained  in 
^87.  6».  6d.  ? 

£4.  Bs.  2d.  =  99Sd.;  and  £87.  6s.  Qd.  =  20958A 
Now  20958-1-998  =  21  ; 
.'.  £4.  8^.  2d.  13  contained  in  £87.  Qs.  6d.  21  times. 

Examples.    (Ixx) 

(1)  How  many  times  is  £346.  16«.  contained  in  £34680  ? 

(2)  £5.  lis.  4d £122.  98.  U.f 

(3)  £1.12s.Qd £68.55.? 

(4)  £n.l2s.9id £1393.85.101? 

(5)  Among  how  many  persona  must  £641.  145.  Hid.  be 
divided,  so  that  the  share  of  each  may  be  £2.  155.  Q^d.  ? 

(6)  Divide  £17  into  an  equal  number  of  sovereigns,  half- 
sovereigns,  half-crowns,  shilhngs,  and  sixpences. 
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FRACTIONAL  MULTIPLIC A TION  AND 
DIVISION  OF  MONEY. 

150.  Ex.  (1).  Find  the  value  |  of  14s.  8^., 
k  of  Us.  Sd.=  ^-^~=Ss.  8d. 
.-.  J  of  Us.  8d.  =  3  X  3s.  8d.  =  lis. 

It  is  immaterial  whether  we  divide  by  4,  and  then 
multiply  the  quotient  by  3,  or  first  multiply  by  3,  aud 
til  en  divide  the  product  by  4,  thus  : 

J  of  14s.  8a.  =  ^^±^  =  if-  =  lis. 
Ex.  (2).  Find  the  value  of  |  of  ^  of  £43.  4s.  Gd. 
I  of  f  of  ^43.  4s.  6(/.  -=  ^l  of  X-43  4s.  Qd. 

.       1  0X£4  3     4^.   Gd. 
21 

a=  10X^2.  is.  2d.  =  £20.  Us.  Sd. 

Ex.  (3)  What  is  the  value  of  2f-  of  14s.  Od.  ? 
2}on4:S.9d.  =  \'^ofl77d. 

=.LlJiAU-^  =  ^^-^  =  A29^d.  =  £l.  15s.  9H 

Note. — To  find  the  value  of  |  x  2s.  9c?.,  we  extend  the 
meaning  of  the  sign  x  (as  is  explained  in  Art.  71),  and 
replace  it  by  the  word  of. 

Thus  f  X  2s.  9c?.  =  f  of  2s.  del.  =  ^^-  -=  Is.  Hd. 

Ex.  (4).  Divide  4s.  2d.  by  | : 
4s.  2t^~|---4s.  2cZ.  xl 

=  f  of  4s.  2d.  =8  X  lOd.  =  6s.  8d. 

Ex.  (5).  Divide  £4  3s.  9d.  by  2-|  • 

£4  3s.  9d.  -^  2-2  ^  M  3s.  9d.  ^  f 
=  |of£4  3s.  9d.  =  ^-^-^-~^^--  =  £l  lis.  ^d. 
Examples.    (Ixxi). 
Find  the  value  of 

(1)  I  of  4s.  9d.  (2)  |of7s.  2o!. 

(3)  h  of  a  guinea.  (4)  f  of  3s.  6d. 

(5)  i  of  I  of  4s.  lOd.  (6)  t  of  4  of  £83  16s.  dd. 

(7)  9  L  of  Is.  Ud.  (8)  5\i  of  half  a  crown. 

(9  2|of£5  2s.  6d.  (XO)  H  of  £99  14s. 
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(11)  ^60  l.s.  Sd.^h  (12)  ^2  6.9.  Ocf.H-li. 

(13)  ^53  155,  Sd.  -^Q\h        (14)  £36  2s.  9d.-i-^. 

Note.— If  we  have  to  multiply  a  compound  expression  by 
ft  mixed  number,  it  is  not  always  necessary  to  turn  the 
mixed  number  into  an  improper  fraction,  as  we  did  in 
Ex.  (8),  but  we  can  frequently  effect  tlu  multiplication  more 
neatly  by  multiplying  first  by  the  fractional  part  and  then 
by  the  whole  number,  and  adding  the  two  results. 

Thus,  to  multiply  ^427  12s.  dd.  by  5f . 

£  s.         d. 

427  .  12  .     9 
5f 


3   855  .5.6  the  result  of  multiplying  the  top  line  by  2, 


285  .     1  .  10 
2188  .3.9 


f 2423  .5.7 

Examples,    (Ixxii). 

Muitiply 

(1)  £245  13s.  Ad.  by  5|.  (2)  £439  18s.  3d.  by  7^. 

(3)  £4214  15s.  2d.  by  6f.  (4)  £8629  12s.  Sd.  by  3|. 

(5)  £7258  17s.  6d.  by  2f.  (6)  £4372  i9s.  4d.  by  6|. 

XVI.    On  Measures. 

151,  Measures  of  Time. 

1  second  is  written  1  sec,  or  1^ . 
69  seconds  make  1  minute-  written  1  min.,  or  1». 
60  minutes  make  1  hours  written  1  hr.,  or  1-*. 
24  hours  make  1  day,  written  1  da.,  or  1^  . 
7  days  make  1  week,  written  1  wk. 
In  rough  calculations  a  year  is  taken  to  consist  of  365  days. 
In  rough  calculations  a  month  is  taken  to  consist  of  30  days, 

A  Lunar  Month,  or  the  time  between  two  new  moons, 
is  rather  more  than  29^  days. 

The  12  months  into  which  we  divide  the  year  are 
called  Callendar  Months :  they  are  of  variable  length,  for 
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7  of  them  eontain  81  days,  4   contain  80  days,  and 
February  has  28  days  (and  in  Leap-year  29). 

The  names  of  the  4  months  which  have  80  days  are 
given  in  the  old  verse : 

Thirty  days  have  September, 
April,  June,  and  NoTember. 

To  find  whether  a  particular  year  is  a  Leap-year,  we 
divide  the  mimber  of  the  year  by  4  ;  if  no  remainder  be 
left,  the  year  is  Leap-year,  but  to  correct  an  error  in  our 
present  Calendar,  flie  centuries  which  are  not  exactly 
divisible  by  400,  as  1900,  2100... are  to  be  taken  as 
common  years,  and  not  as  leap-years. 

Examples,  (hcxiii) 
Reduction, 

(1)  Bednoe  6  hr.  17  min.  25  see.  to  seconds;  17^  0".  48". 
to  seconds. 

(2)  Reduce  8  yr.  148  d.  16  hr.  to  seconds ;  1  yr.  IS.d.  Ohr. 
4  min.  to  minutes. 

(8)  Reduce  48567  min.  to  days  ;  28567  sec.  to  hours. 

(4)  Reduce  742392  sec.  to  days ;  174296  sec.  to  weeks. 

(6)  Find  the  number  of  days,  reckomng  from  noon  of  the 
one  to  noon  of  the  other,  between  the  following  days  in  the 
year  1872 : 

1st  February  and  29th  May ;  4th  July  and  2nd  December; 
Brd  January  and  16th  October ;  24th  February  and  28rd  June. 

Also  between  25th  December,  1872,  and  25th  May,  1878. 
Addition, 


br.   mte.  mc 
(6)   14  .  21  .  87 

da.   hr.   mto. 
(7)  23  .  16  .  16 

wk.   da. 

(8)   4.8. 

tar. 
,  16 

17  .  13  .  32 

67  .  12  .  38 

2.6. 

17 

9  .  47  .  43 

18  .  17  .  43 

8.6. 

9 

12  .  53  .  64 

24  .  22  .  7 

10  .  4  . 

13 

22  .  17  .50 

16  .  6  .  58 

4.2. 

.  19 

jr.        da.    hr. 

hr.   min.   iee. 

da.   hr.   ndB. 

■M 

(9)  8  .  137  .  16  (10)  14  .  43  .  18  (11) 

42  .  14  .  80  . 

.  81 

4  .  243  .  6 

82  .  86  .  40 

65  .  22  .  19  . 

,  42 

1  .  66  .  7 

10  .  12  .  53 

74  .  11  .  42  . 

,  15 

6  .  185  .  12 

16  .  88  .  47 

24  .  18  .  58  . 

.  57 

7  .  85  .  9 

2  .  52  .  8 

43  .  8  .  29  . 

,  48 
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Subtraction, 


hi.      ttia.     Me.  d».         hr.       nla.  wk.      ««.       ht. 

(12)  7  .  14  .  26   (13)  123  .  16  .  4   (14)  4  .  6  .  18 
4  .  19  .  38       89  .  22  .  17       8  .  6  .  20 


yr.         da.         hi.  jx.       da.         hr.  da.       hr.      mia.    Me. 

(15)  3  .  147  .  14    (16)  4  .  45  .  16     (17)  14  .    1  .    0  .  18 
2  .  218  .  17  2  .  78  .  19  8  .  15  .  23  .  27 


(18)  Multiply  13  hr.  14  min.  48  sec.  by  85  ; 

17  hrs.  13  min.  89  ^eo.  by  43. 

(19)  Divide  15  weeks  5  days  17  hours  26  min.  by  49 ; 

14  hrs.  56  min.  41  sec.  by  78. 

152.  Mbasubks  of  Length. 

12  mohes  make  1  foot,  usually  written  1  ft.^ 

8  feet 1  yard,  1yd., 

S^yards 1  pole, 1  po., 

40  poles 1  furlong,  1  fur., 

8  furlongs 1  mile,   1  mL, 

8  miles 1  league 1  lea. 

Hence  1  furlong  =  220  yards,  and  1  mile  =  1760  yards. 

Cloth  Measures. 
2^  inches  make  1  nail           I      4  quarters  make  1  yard« 
4    nails     1  quarter,   |      6  quarters  1  eU. 

Ex.  (1).    Beduce  8  mi.  5  for.  17  po.  4  yd.  1  ft.  fl  in. 
I  *  inohes. 

mL  fur.  po.  yd.  ft.  in. 
8  .  5  .  17  .  4  .  1  .  8 
8 

29  for. 
40 

1177  pa 


088i  the  result  of  dividing  1177  by  d. 

6889 


6477i  yd. 
8 


19488i(t 
12 

S88205  inches. 
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Ex.    (2).  Reduce  47293  yards  to  poles. 

47293  yd.  =:x  (47298-^6i)  poles. 
=  (47293—-^  poles. 

=  (47293  X^t)  poles. 

We  may  proceed  thus : 

47298  yards 
2 


11 


94586  half -yards, 


8698  poles  and  8  half-yards  over, 
.-.  47298  vd.  =  8598  po.  4  yd. 

Examples,    (ixxiv) 

EediLction, 

(1)  Reduce  8  yd.  2  ft.  to  inches ;  4  mi.  8  far.  4  po.  to  feet. 

(2)  Reduce  7  mi.  14  po.  8^  yd.  to  inches ;  27  po.  4^  yd. 
to  inches; 

(8)  Reduce  74825  yd,  to  poles ;  2428694  in.  to  furlongs. 
(4)  Reduce  728964  ft.  to  miles ;  82976432  in.  to  milea 

Addition, 


yd.  ft. 

in. 

mi.  fur.  po. 

fur. 

po.   yd. 

(6) 

4.2. 

7 

(6)  13  .  4  .  20 

(7) 

2 

.  19  .  2 

19  .  1  . 

9 

43  .  8  .  9 

4 

25  .  2h 

6.2. 

10 

66  .  2  .  18 

6 

.  11  .  3i 

28  .  2  . 

8 

4  .  7  .  82 

6 

28  .  4 

86  .  1  . 

6 

16  .  8  .  16 

8 

0  .  U 

17  .  2  . 

4 

19  .  6  .  11 

1 

.  21  .  li 

Subtraction, 

Xd.   ft. 

fa. 

inL   far.   po. 

tmt. 

.  2'8  .  l1 

(8) 

184  .  2 

.  7 

(9)  235  .  0  .  19 

(10) 

6 

69  .  1 

.  11 

184  .  5  .  24 

4 

.  27  .  4 

(11)  Multiply  7  yd.  2  ft.  9  in.  by  11 ;  16  mi  6  fur.  7  po. 
56. 

(12)  Multiply  82  po.  8  yd.  1  ft.  by  57  ;  86  mi.  8  fur.  6  po. 
8i  yd.  by  49. 

(12)  Divide  26  yd.  1  ft.  8  in.  by  4 ;  17  mi.  8  fur.  7  po.  by 
27. 

(14)  Divide  14  po.  2  yd.  1  f|.  8  ia.  by  82 ;  II  lai.  7  for.  7 
po.  by  56 
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153.  Measures  of  Surface. 

144    square  inches  make  1  square  foot,  written  1  sq.  ft. 

9    square  feet 1  square  yard, 1  sq.  yd. 

30|  square  yards 1  square  X)ole,  1  sq.  po. 

40    square  poles  1  rood,  1  ro. 

4    roods  1  acre,  1  ac. 

Hence  1  acre  =  4840  square  yards. 
640  acres  =  1  square  mile. 

Land  surveyors  make  use  of  a  Chain  22  yards  in 
length,  divided  into  100  equal  parts,  called  Links. 

The  square  of  22  is  484,  and  therefore  10  Square 
Chains  make  an  Acre. 

Note. — The  Square  Inch  is  a  square  whose  side  is  an  inch 
in  length. 

Ex.  (1).  How  manv  square  inches  are  there  in  3  aa 
2  ro.  27  po.  27  sq.  yd.l  sq.  ft.  23  sq.  in.  ? 

ac     ro      po.    sq.  y^- sq- i"c.  sq  in. 
3  .   2  .   27   .   27  .   7   e  23 
4 

14 10. 

40 

687  po. 

80^ 


146|  the  result  of  the  division  of  587  by  4 
17637 

177831  sq.  yd. 
9 


16U054 

6f  the  result  of  multiplying  |  by  9. 

1600601  sq.  ft. 
144 


640263 
64)240 
130060 

108  the  result  of  multiplying  f  by  144. 

23047771  sq.  in 
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Ex.  (2).    Keduce  74287  sq.  yards  to  polea. 

74287  sq.  yd.  =  (74237 -r-  30^)  poles 
==  (74237 -r-^)  poles 
=  (74287  X  ^)  poles 

We  may  proceed  thus : 

74287  yardf 

4 


121 


296948  quarter-yards 


26995  and  8  quarter-yards 


2454  po.  and  1  parcel  of  11  quartet  yards  over. 

The  remainder  is  (11  -f  8)  quarter-yards,  or  14  quiurtei^ 
yards,  or  8^  yd. 

,•.  7 :    :i  =5q.  yd.  =  2454  po.  8^  sq.  yd. 

Szamples-    (Ixxr) 
RedtwAum, 

(1)  Reduce  6  ac.  8  ro.  17  po.  18  sq.  yd.  6  sq.  ft.  16  sq.  in. 

to  square  inches. 

(2)  Reduce  7  ac.  16  po.  6  sq.  yd.  3  sq.  ft.  to  square  inches. 

(8)  Reduce  250  acres  to  square  y&xds,  and  78  sq.  yd.  to 
square  inches. 

(4)  Reduce  6289  sq.  in.  to  sq.  yu.,  and  16876  sq.  yd.  to 
acres. 

(6)  Reduce  84729  sq.  yd.  to  poles,  and  682984  sq.  in.  to 
square  poles. 

Additioru 

MA.  VrL  A<..  oa. 

(6) 


47 

to.         f>o. 

.  2  .  18 

(7) 

ir.r.  %2 

(8)  46  .  2  .  16  .  S 

72 

1  .  24 

27  .  6  .  62 

17  .  8  .  14  .  18 

89 

2  .  82 

82  .  8  .  124 

7  .  1  .  89  .  14 

4 

8  .  28 

6.2.  72 

24  .  2  .  16  .  19 

27 

.3.8 

21  .  6  .  98 

12  .  0  .  17  .  22 

42 

S  .  6 

66  .  8  .  186 

4.1.  9  .  16 
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Subtraction. 

eg.  yd.    iq.  ft.    i 

I)     42  .  8  .  ] 
29  .  8  .  84  86  .  8  .  139  14  .  8  .  24 


M.       M.      »o.  sg.  yd.    pq.  ft.    sq.  ta.  M.      ro.       V»b 

(9)      57  .  2  .  80       (10)    42  .  8  .  124      (11)     16  .  2  .     0 


M.        ro.      po.  Bq.yd.    Bq.ft.    Bq.in.  ue.        ro.       po. 

(12)  247  .  1  .  14      (13)     89  .  7  .     12      (14)  246  .  8  .  19 
248  .  8  .  24  82  .  8  .  184  178  .  8  .  28 


(16)  Multiply  6  ac.  8  ro.  24  po.  by  16 ;  17  ac.  2  ro.  13  po. 
by  63. 

(16)  Divide  7  ao.  2  ro.  18  po.  by  21 ;  29  ao.  2  ro.  87  po. 
by  71. 

154.  MSASUBXS   OF    SOUDITT 

1728  onbio  inches  make  1  onbio  foot,  written  1  onb.  ft. 
27  onbio  feet     make  1  cnbio  yard,  written  1  cnb.  yd. 

A  Cube  is  a  solid  figure  contained  by  six  equal  squareH. 
Hence  a  cubic  inch  is  a  six-sided  figure,  each  of  whose 
sides  is  a  square  inch.  The  lines  tibat  form  the  bound- 
aries of  the  sides  are  called  the  Edges  oi  the  Cubd. 

Ezamplei.  (Ixxri) 

Eedudum, 

(1)  Bednoe  7  onb.  yd.  18  cnb.  ft.  to  onbio  feet ;  26  onb.  yd. 
6  cub.  ft.  143  cub.  in.  to  cnbio  inches ;  14  cub.  yd.  1874  cub. 
in.  to  cubic  inohes. 

(2)  Reduce  74826  cab.  in.  to  cnbio  feet ;  489284  onb.  in. 
to  cnbio  yards. 

(8)  Reduce  5J  cnb.  yd.  to  cubic  inches ;  8  cub.  yd.  6| 
onb.  ft.  to  cubic  inohes. 

Addition, 


eoKyd.  cnb^       eabJn. 

enb.yd.  eobJTt.    enbJo. 

fMrro.  Mbwft.   0BUB. 

(4)  67  .  13  .    672 

(5) 

43  .    7  .  1638 

(6) 

628  .  16  .    432 

32  .  26  .     493 

26  .  22  .    472 

287  .  19  .    683 

46  .  19  .    874 

19  .  16  .  1384 

764  .  10  .  1869 

76  .    8  .    687 

46  .  13  .    427 

446  .    0  .  1275 

4  .  26  ,  1249 

26  .    6  .  1286 

729  .  11  .    846 

62  .  14  .  1824 

88  .  18  .    276 

862  .    5  .  1478 
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Subtrtictum, 

«ab.yd.  oeibit.    enbJn.  eoKyd.  enbJt.     cob.  In.  sob.  yd.  ewJt.  eaA.u 

(7)  47  .  17  .  648    (8)    247  .  19  .  1274  (9)  627.    0        0 
38  .  28  .  726  289  .  18  .  1868  499  .  W  .  256 

(10)  Multiply  26  cub.  yd.  6  cub.  ft.  49  cub.  in.  by  27 ; 
472  cub.  yd.  17  cub.  ft.  238  cub.  in.  by  63. 

(11)  Djvido  78  cub.  yd.  18  cub.  ft.  252  cub.  in.  by  12; 
472  cub.  yd.  0  cub.  ft.  1416  cub.  in.  by  69. 

15  b  Measukbs  op  Oapaoitt. 

2  pints  make  1  quart,    written  1  qt., 

4quart8 1  gallon,   1  gall., 

2  gallons  ....  1  peck,      1  pk., 

4  pecks  1  bushel,  1  bus., 

8  bushels  ...  1  quarter, 1  qr.* 

Ezamplea.    (Irxvii) 
Reduction. 

(1)  Reduce  8  pk.  1  gall.  8  pt.  to  pints,  and  214  qr.  8|  bna 
to  pintf. 

(2)  Beduce  4284  pt.  to  quarters,  and  8047  galL  to  quarters. 

Addition. 

galL   qt.    pt.  bns.    pk.   gaU.  qt.    bas.    pk« 

(8)  4.8.1  (4)     4  .  8  .  1  (6)     42  .  6  .  8 
8  .  2  .  li                   6.2.1*  27  .  7  .  2 

12. 8.0  1.8.1  64. 8.1 

14  .  0  .  li  4  .  2  .  1|  49  .  6  .  2 

6.2.1  8.1.0  12.  4.0 

Subtraction, 

gall.    qt.   pt.                    bus.    pk.  gall.  or.   bus.  pk. 

(6)    6  .  2  .  0             (7)    6  .  8  .  0  (8)    86  .  7  .  2 

4.8.1                     6.8.1  29. 7.  8 

(9)  Multiply  6  qr.  8  bus.  2  pk.  by  68,  and  16  qr.  2  bm. 
1  pk.  by  78. 

(10)  Divide  18  gall.  1  pi  by  15,  and  848  qr.  0  bus.  1  pk. 
by  43 

165.  Teoy  Weight. 

24  grains  make  1  pennyweight,  written  1  dwt. 

20  pennyweights  make  1  ounce,  written  1  os, 

12  ounces  make  1  pound,  written  1  lb. 

Chiefly  used  for  weighing  gold,  silver,  and  jewels. 
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Examples*    G^^^ 
Reduction, 

(D  In  27  onnoes  of  gohl  how  many  Tame  are  there  f  . 

(2)  Reduce  7  lb.;  14  lb.  8  cz.;  25  lb.  9  oz.  6  dwt.  to  pen- 
tvwthights. 

V3)  Reduce  8  lb.  10  oz.  7dwt.  5  gr.;  7  R>.  4  os.   17  dwt. 
16  grains  to  grains. 

(4)  »educe  8146  gr.  to  ounces  ;  42672  gr.  .o  lb. 

(6)  Beduoe  72469  gr.  to  lb. ;  8246  dwt.  to  ib. 


lb.   OB.  d^vt 

OB.  dwt.  gr 

lb.   OS. 

dwt. 

?i 

(6)  21   2  .  12 

(7)  7  .  18  .  21 

(8) 

18  .  8  . 

6  . 

27  .  9  .  4 

4  .  6  .  19 

12  .  4  . 

17  . 

8 

8  .  8  .  17 

6  .  17  .  28 

6  .  10  . 

18  . 

0 

14  .  8  .  19 

8.9.6 

42  .  7  . 

16  . 

21 

7.6.8 

8  .  16  .  18 

12  .  11  . 

19  . 

28 

Subtraction. 

OB.  dwt.  gr. 

lb.   OB.  dwt. 

lb.    OB. 

dwt. 

r2 

(9)  6  .  IJ9  .  13 

(10) '87  .8.6 

(11) 

35  .  9  . 

,  8  . 

8  .  14  .  16 

29  .  10  .  18 

84  .  11  . 

16  . 

28 

(12)  Mixltiply  7  lb.  6  oz.  9  dwt.  by  12;  6  lb.  8  oz.  19  dwt 
by  21. 

(18;  Multiply  10  oz.  16  dwt.  28  gr.  by  87 ;  8  lb.  7  ob.  10 
Awt.  21  gr.  by  41. 

(14)  Divide  16  lb.  4  oz.  16  dwt.  by  8 ;  7  lb.  10  oz.  17  dwt. 


(14)  Divi 
7  gr.  by  16. 


(15)  Divi<i6  9  oz.  17  dwt.  8  gr.  by  87 ;   16  lb.  8  oz.  9  dwt 
12  gr.  by  03. 

157.  Avoirdupois  Wkioht 

i.6  drachms         make  1  ounce,  written  ll>s. 

16  onnciBs  1  pound,  lib, 

14  pounds  1  stone,  .1  st 

26  pounds  1  quarter,  1  qr. 

4  quarters  1  hundredweight  or  cental .,...  1  cwt 

20  hundred  vMight 1  ton. 

The  pound  A.voirdupois  oontafaw  7000  grains  Troy. 
The  pound  Troy  contains  5760  grains  Troy. 

NoTK. — In  threat  Britain  28  poonds  make  1  qnarttt. 


188  on  ICSASUS80. 

Examples.  (Ixxix) 
Reduction, 

fl )  iledncG  11  cwt.  to  oz. ;  17  lb.  to  dr.  ;  6  tons  to  lb. 

(2^  Rednce  6  tons  7  cwt.  to  oz. ;  15  tons  2  qr.  to  lb. 

(8)  Reduce  8  cwt.  61b.  5  oz.  to  dr.  ;  8  tons  15  cwt.  71b.  to  lb. 

(4)  Reduce  4763  oz.  to  cwt. ;  8749  lb.  to  tons, 

(6)  Reduce  7432  oz,  to  cwt. ;  247294  dr.  to  cwt. 

Addition, 

lb.       OB.       dr.  qr.      lb.     qb.  owt  qr.     lb. 

(6)      8.8.9  (7)      3  .  16  .    8  (£       13  .  2  .  24 

19  .    8  .     6  4  .    7  .  12  11  .  8  .    6 

7  .  10  .  18  16  .  19  .    6  29  .  1  .  19 
14  .    6  .    7  8  .  20  .  18  16  .  2  .     9 

8  .  15  .  14  12  .    6  .    9  17  .  0  .    7 


Subtraction, 


ID.      OB.       or.  qr.      id.       ob.  owt. 

(9)    16  .  18  .    6      (10)    17  .  13  .    3     (11)    19  .  '1  .    4 

14  .  11  .  12  14  .  15  .  11  17  .  3  .  18 


tons.    owt.    qr.  cwt.    qr.       lb.  tons.   cwt.    qr.      lb. 

(12)    37  .  19  .  2     (13)  16  .  0  .    8    (14)  74  .  15  .  1  .  18 

29  .  19  .  8  16  .  3  .  25  89  .  16  .  3  .  25 


(15)  Multiply  17  cwt.  23  lb.  14  oz.  by  7;  4  cwt.  17  lb. 
by  45. 

(16)  Multiply  6  cwt.  8  qr.  5  lb.  by  23;  10  oz.  9  dr.  by  87. 

(17)  Divide  14  owt.  2  qr.  8  lb.  by  12 ;  82  tons  15  cwt. 
1  qr.  by  40. 

(18)  Divide  16  cwt.  8  qr.  9  lb.  by  65 ;  87  tons  4  owt. 
8  qr.  7  lb.  by  17. 

158.  Apothhoaeies'   Wbioht. 

1.  Measures  of  Weight, 
487i  grains  make  1  ounce, 
16  ounces  make  1  pound. 
The  grain  is  the  same  as  the  grain  Troy 
The  ounce  is  the  same  as  the  ounce  Avoirdupois. 
This  is  the  table  given  in  the  British  Phajmacopooia, 
The  Avoirdupois  ounce  and  pound  aie  taken,  in  prefer* 
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ence  to  the  ounce  and  pound  Troy  of  the  old  table,  be- 
cause the  former  are  used  by  wholosale  dealers  in  drugs 
and  medicines.  In  prescribing,  many  physicians  still 
employ  the  scruple  3,  of  20  grains,  and  the  drachm  5, 
of  60  grains. 

159.  2.  MeasiiTCs  of  Capacity. 

60  Minims  make  1  fluid  di-aclim,  written  fl  dr., 

8  Fluid  Drachms        1  fluid  ounce,  fl  oz., 

23  Fluid  Ounces  1  pint,  0, 

8  Pints  1  gallon,  C. 

Note. — O  is  a  contraction  for  Octavus  or  eight,  and  C  for 
Goiigiiis,  a  Roman  liquid  measure. 

The  relation  of  the  measures  of  capacity  to  those  of 
weight  in  these  tables  is  given  by  the  definition 

that  1  Minim  is  the  measure  of  -91  Grain  of  Water. 

The  connection  may  be  better  remembered  by  the  old 
rhyme. 

A  Pint  of  Water 

Weighs  a  Pound  and  a  Quarter. 

160.  Multiplication  of  Compound  Quantities  when 
the  multiplier  contains  a  fraction.     (See  page  128). 

Examples.  (Ixxx). 

Multiply 

(1)  3  cwt.  2  qr.  12  lb.  by  3f      (2)  6  lb.  5  oz.  4  dr.  by  1} 
(3)  4  mi.  3  fur.  10  po.  by  18i-  (4)  15  yd.  2  ft.  3  in.  by  43| 
(5)  37  ac.  3  ro.  8po.  by  4i5,-      (6)  25  ac.  2  ro.  15  po.  by  29i 
(7)  27  sq.  yd.  7  sq.  ft.  36  sq.  in.  by  2|. 

161.  Division  of    Compound    Quantities  when  the 
divisor  contains  a  fraction.     (See  page  128). 

Examples,  (ixxxi). 
Divide 

(1)  5  cwt.  2  qr.  11  lb.  by  2f      (2)  7  lb.  4  oz.  14  dr.  by  11^ 
(3)  7  mi.  2  fur.  12  po.  by  4^-    (4)  17  yd.  1  ft.  3  in.  by  5.^ 
(5)  25  ac.  2  ro.  12  po.  by  4f       (6)  14  ac.  3  ro.  8  po.  by  8f 
(7)  107  s(j.  yd.  4  scj.  ft.  132  s(j.  in.  by  18|. 
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162.       XVII.  Fractional  Measures. 

Ex.  (1).  How  many  sbilliugs  an.l  pence  are  there  in 
f  of  a  pound  ? 

f  of  a  pound  =  §  of  20  shillings. 
=  ^   g"  ^-  shilliiigs. 

=  12s.  Qd. 
Ex.  (2).  Find  the  value  off  of  £15  5s.  Sd. 

}  of  £X5  5s.  Sd.  =  3  times  |  of  £15  5s.  8d. 
=  3  times  £2  3s.  8d, 
=  £G  lis. 
Or  thus : 

15  .     5.8 
3 


7   45  .  17  .  0 


£6  .  11  o  0 
Ex.  (B).  Find  the  value  of  2|  of  ^\  of  5  acres. 

2|  of  -^2  of  5  acres  =  -^4^  of  -^-y  of  5  acres. 

11X3      r  f- 

== —  of  5  acres. 

4X22 

=  f  of  5  ac. 

~  Y  ac. 

=  1  ac.  3  ro.  20  po. 

Sxamples.    (Ixxxii). 
Find  the  value  of  the  following  : 

(1)  fof  £1;  I  of  £2  10s.;  f  of£5  18s.  5d. 

(2)  f  of  a  mile  ;  t^^  of  an  acre  ;  ^-  of  a  cwt. 

(3)  2|  of  £54  9s.  Sd.;  o-i\-  of  lialf-a-,c:uinea ;  |  of  3i  of  a 
mile. 

(4)  f  of  I  of  1-h-  of  If  of  2470  guineas  ;    |  of  i  of  4^ 
guineas. 

(5)  I  of  £1  +  f  of  Is.  +  t  of  16s.  4c?. 

(6)  1^  of  £1  +  i  of  2s.  6c?.  +  7  of  a  guinea. 

(7)  I  of  5  ac.  3  ro.  +  |  of  7  ac.  2  ro.  20  po.  +  |  of  3  re.  15 
po. 

(8)  7^  of  a  year  +  5%-  of  a  week  +  1^2  of  an  hour. 

(9)  tV  of  a  mile  +  |  of  a  fwlong  +  |  of  a  yard. 
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(10)  f  of  2  cwt.  3  qr.  +  f  of  5  cwt.  3  qr.  14  lb.  +  f  of  7i  lb. 
163.  The  following   are  examples  of  an   operation 
"Vr-hich  is  the  converse  of  that  just  explained. 
Ex.  (1).  Express  14s.  Id.  as  the  fraction  of  £5, 
Us.  Id.  =  n5d.,  and  Jo  =  1200^.; 
Now  ld.  =  T^h-u  of  1200^. 
.-.  Hod.  is  -iVoV  of  1200. 
Hence  the  fraction  required  is  ^/bV»  or  -2Vo~»  or  -4V' 
Ex.  (2).  Express  6  lb.  5  oz.  avoird.  as  the  fraction  of  3  lb. 
12  oz. 

6  lb.  5  oz.  =  101  oz.,  and  3  lb.  12  oz.  =  GOoz. ; 

•.  the  fractipn  reqiiired-is  W* 

Ex.  (3)  Express  |  of  os.  Od.  a.s  the  fraction  of  4s.  Id. 

5s.  9d.=md.  and  4a.  7d.  =  55d. 

.'.  5s.  9d.is  i  5  of  4s.  Id. 

.-.  §  of  5s.  9d.  is  I  of  U  of  4s.  Id. 

.*.  the  fraction  required  is  j^^  or  f  |. 

Ex.  (4).  Express  ^  of  2  |  of  5  ac.  3  ro.  as  the  fraction  of  I 
of  14  ac.  2  ro. 

5  ac.  3  ro.  ==  23  roods,  and  14  ac.  2  ro.  =  58  roods ; 
.*.  fraction  required  is  (f  of  V^  of  23)  ~  (}  of  58) ; 

3x14x2  3x5  2x23  o-* 

^'^     7X5X3X5X  «^    -J^    «^'     24- 

Note. — There  are  several  modes  of  demanding  the 
operation  explained  in  the  foregoing  examples.  Thus 
the  demand 

Express  3  shillings  as  the  fraction  cf  6  shillings,  may 
be  put  in  the  following  terms  : 

(1)  Reduce  3  shillings  to  the  fraction  of  6  shillings: 

(2)  What  part  of  6  shilhu-^s  is  3  sliiUings  ? 

(3)  What  fraction  of  6  shijlings  is  3  shillings  ? 

(4)  If  6  shillings  be  the  unit,  what  is  the  measure  of  3 
shillings  ? 

Examples  (Ixxxiii). 

(1)  Express  l\d.  as  the  fraction  of  &s.  %^d. 

(2)  Express  £10  5s.  4d.  as  the  fraction  of  Jll  6s.  5d. 

(3)  Express  5s.  Qd.  as  the  fraction  of  a  guinea. 

(4)  Reduce  9s.  10\d.  to  tlie  fraction  of  13s.  2id 

(5)  Reduce  2  days  3  hrs.  5  rain,  to  the  firactiou  of  a  week. 


142  DXOIMAL   BOASUBBS. 

(6)  Reduce  2  roods  20  poles  to  the  fraction  of  an  acre. 

(7)  What  fraction  is  8  lb.  1  oz.  19  dwt.  9  gr.   of  13  lb 
7  oz.  6  dwt.  15  gr.  ? 

(8)  What  part  of  2  qr.  10  lb.  7  oz.  •9  dr.  is  1  qr.  7  oi. 
18  dr.  ? 

(9)  What  fraction  of  4  lb.  1  oz.  8  dwt.  16  gr.  is  1  lb.  1  oa. 
9  dwt.  15  grains.  ? 

(10)  If  the  unit  of  measurement  be  2^  yd.,  what  is  the 
measure  of  2^  ft.  ? 

(11)  If  the  unit  of  measurement  be  6  inches,  what  is  the 
measure  of  ^-^  of  a  mile.  ? 

(12)  What  fraction  of  2  ac.  87  po.  is  8  ao.  2  ro.  1  po.  ? 

XVni.  Decimal  Measures- 

164.  Reduction  of  Dkoimals. 

Ex.  (1).  How  many  shillinga  and  penoe  are  there  in 
•876  of  ft  pound  ? 

•876of  jei=(-875x  20>. 
=7-6«. 
ftnd-6ofl«.-(-5xl2)rf. 

/.  •875ofiei  =  7».  Sd, 
The  operation  is  performed  more  briefly  thns  { 
£ 
•875 


•.7-600 

is 

d.  6-000 

fix.  (2).  Find  the  value  of  8-16875  of  Mh 
ie8-16875 
20 


«.  8*87500 
13 

d.i'b9009 
4 

p.  8-00000 
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Ex.  (8).  Find  the  value  of  -4266  of  125.  &d. 
•4266  of  12j.  Sd,  =  -4266  of  152d.  =  ('4266  X  162)4, 
•4266 
152 

8612 
21280 
4266 
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64-6912 
.*.  Value  required  is  64'6912<f. 

Kx.  (4).  Multiply  27  ao.  8  ro.  14  po.  by  -aSA. 


27 
4 


ro.     po. 
8  .  14 


111  ro. 
40 

4464  po. 
•286 

22270 
18862 
8908 


40  1046-690 


26  .  6-69  po. 


ao.  6  .  2  ro.  6*69  po, 
Ex.  (6).  Find  the  value  of  -26  of  £1, 

-M  of  jei-^i?- of  jei  =18  of  ^1  =  W«.««t.  1^ 
Or  thus; 

ie-2666 


d,  1-8888 
Yalue  required  ii  6«.  1^. 
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Examplei*    (IxxxiT) 


Find  the  value  of 


(1) 

•626  of  £1. 

(2)    ^16-276. 

(8) 

£-009165. 

(4)     •9376ofaowt. 

(6; 

•046876  of  1  lb.  avoir. 

(6)    2-008126  of  £8. 

(7) 

•426of8».  U. 

(8)    2-46876  of  ^13«. 

(9) 

•88  of  6«. 

(10)    4-18  of  12«,  8d. 

(11) 

•36  of  2qr.  14  lb. 

(12)     2-126  of  8i  gnineai 

(18) 

2-1872  of  2  tons  6  owt. 

(14)    6-247of^5.  2i,  6d. 

(16) 

•46  of  ^8.  10«.+-76  of  4«.  8d.+3-246  of  8*.  4d. 

(16) 

•7of^l-|--8of7«.  6<i.- 

-2-46ofU8d. 

(17) 

•^86714  of  £8.  8».  + -142867  of  ^8. 17*.-f -84  of  16s.  6a 

166.  The  following  examples  illTistrate  the  operation, 
which  is  the  con^iwse  of  that  already  explained. 

Kx.  (1).  Express  6«.  Qd.  as  the  decimal  of  ^1. 
6«.  6d.  =  66d.,  and  £1  =  240d.; 
.•.6«.  6(i.=3^of£l. 
Now  ^  =  ^  =  .276; 

.•.5«.  6d.-^276of  Jei. 
Or,  more  briefly,  thus : 

12     60    d. 

20 


6-6 


•276  £. 


Where  we  first  express  Qd.  as  the  decimal  of  a  shiUing, 
i.  e.  '6,  and  then  express  6'6«.  as  the  decimal  of  a  pound,  i.  • 
•276. 


Ex.  (2).  ExDress  £7.  16s.  lO^d.  as  the  decimal  of  £1. 


4 

12 

2-0 
10-6 

20 

16-876 

1 

t    7-7987tf 
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Ex.  (3).     Express  £3   5s.   9d.   as  the    decimal   of 
£5  Is.  M. 

3.5.9  5.7.6 

20  20 

65  107 

12  12 

789  1290 

Now                7  89     _.  2  68  —  -H-^^  — .fil  1 
1>10W  T2?ff— 430—      4  3     —    ^^^ 


.-.  J3  5s.  Gd.  is  -611 of  £5  7s.  6d. 

Ex.  (4)      Express  f  of  6s.  d^d.  as  the  decimal  of  g 
)l'6s.  2d,  ' 

5i.  9kd,  =  277q. ;  and  6s.  2d.  =  296g. 
2.  -^  277 
.'.  I  of  55.  9kd.  is  1-^'=^  of  I  of  66'.  2^. 

NftW     |X^'^7         9X277X5        T.a.         -..(.q^ 
^^^     |x296~^ax3x296-TU3^--^"^y 

Examples  (Ixxxv) 

(1)  Express  6  cwt.  2  qr.  7  lb .  as  the  decimal  of  a  ton. 

(2)  Express  12  grains  as  the  decimal  of  a  lb.  troy. 

(3)  What  decimal  of  10  guineas  is  £1  19s.  4^d.  ? 

(4)  Express  |  of  14s.  4d.  as  the  decimal  of  =£1. 

(5)  Reduce  3*4o  of  lialf  a  guinea  to  the  decimal  of  2s.   6d. 

(6)  Express  |  of  2  qr.  14  lb.  as  the  decimal  of  a  cwt. 

(7)  Express  4|  of  7  oz.  4  dwt.  as  the  decimal  of  a  pound 
Groy. 

(8)  Beduce  3|  of  li  of  5  cwt.  2  qr.  21  lb.  to  the  decimal 
r>f  a  ton. 

(9)  "What  decimal  of  a  pound  troy  is  |  of  a  dwt.  ? 
(JO)  Eeduce  3|  guineas  to  the  decimal  of  £2  15s. 

(11)  Eeduce  2s.  6<io  to  the  decimal  of  -iV  of  £1. 

(12)  Express  18s.  A^d.  as  the  decimal  of  £1000. 

(13)  Reduce  £24*25  -f  3-4125o-.  -^-  9'25d.   to   the   decimal 
5f£10, 

(14)  Express  -43  ©f  8s.  od.  as  tiie  decimal  of  'Ol  of  £9. 

(15)  Express  -04  of  £2  5s.  +  '23  of  3s.  9'i,  as  tjie  decimal 
f  •245of£4  3s.  3(^, 
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EXAMINATION  PAPERS. 
I.     Measxtbss  of  Tna. 

(1)  A  sidereal  day  is  less  than  a  solar  day  by  3  minutes  56 
seoonds ;  in  how  many  days  will  the  differenoe  amount  to 
24  hours  ? 

(2)  If  Sirius,  one  of  the  brightest  of  the  fixed  stars,  which 
is  probably  692200  times  farther  from  the  earth  than  the 
sun,  were  suddenly  extinguished,  for  how  long  would  it 
appear  to  shine  to  the  inhabitants  of  the  earth,  supposing 
the  sun's  mean  distance  from  the  earth  to  be  91718000 
xmles,  and  that  light  from  the  snn  reaches  the  earth  in  8  min. 
18  sec.  ? 

(8)  The  exact  length  of  the  year  being  865  days  5  hr848 
min.  49*7  sec,  and  computing  time  as  at  present,  find  the 
error  in  12000  years. 

(4)  The  Ohbe  newspaper  of  Monday,  18th  Jnne,  1877, 
bears  the  number  8506.  Supposing  the  paper  to  have  been 
published  every  week  day  without  intermission,  and  num- 
bered consecutively,  give  the  day  of  the  week,  month,  and 
year,  when  No.  1  was  published. 

(6)  There  was  a  full  moon  on  June  26, 1858,  at  9  hrs.  18 
min.  a.m.  The  interval  between  successive  full  moons  has 
since  been  on  the  average  29  days  12  hrs.  47  min.  80  sec. ; 
how  many  full  moons  happened  until  December  81,  1873, 
and  when  did  the  last  take  place  within  that  period  ? 

n.     Measubbs  of  Length. 

(1)  Reduce  9  mi.  7  fur.  89  per.  5  yds  1  ft.  9  in  to  inches, 
and  show  Uiat  the  work  is  correct  by  changing  it  to  miles, 
Ac. 

(2)  The  fore  wheel  of  a  carriage,  which  is  11  ft.  in  circum- 
ference, makes  718  revolutions  more  than  the  hind  one  in 
going  7  miles  ;  find  the  circumference  of  the  hind  wheel. 

(8)  A  train,  which  travels  at  the  uniform  rate  of  66  ft.  a 
second,  leaves  Toronto  for  Montreal  at  6.25  a.m. ;  when  will 
it  reach  Montreal,  the  distance  being  833  miles  ?  At  what 
distance  from  Montreal  will  ii  meet  a  train  which  leaves 
Montreal  for  Toronto  at  8  a.m.,  and  travels  one  third  faster 
than  it  does  ? 

(4)  From  Ephesus  to  Ounaxa,  Xenophon  with  the  army  of 
Cyrus  marched  16060  stadia  of  202  yards  9  inches  each  in  98 
days.  Find  the  average  length  of  a  day's  uarch  in  miles 
pid  yards. 
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(6)  How  many  strokes  of  his  legs  mnat  a  person  on  a 
bicycle  give  in  going  26  miles,  supposing  each  wheel  to  have 
a  circumference  of  8  J  yards,  and  that  2  strokea  turn  the 
wheel  onoe  round,  f 

in.     Mkasubes  of  Subpaob. 

(1)  If  the  magnitude  of  the  lineal  unit  be  given,  what  are 
the  corresponding  units  of  area  and  volume  ?  ExempUfy, 
when  the  lineal  unit  is  12  inches. 

(2)  If  a  halfpenny  piece  be  one  inch  in  diameter  how 
many  can  be  laid  in  rows  touching  each  other  on  a  table 
which  is  7  feet  6  inches  long  and  8  feet  4  inches  wide ;  and 
what  is  their  amount  ? 

(8)  Divide  17ac.  2r.  88per.  lOyds.  7ft.  46in.  among  A,  B, 
and  C,  giving  to  6  as  much  again  as  to  A  and  to  0  f  of  what 
A  and  B  got. 

(4)  If  68  bales  of  linen  contain  67048  yards,  and  each  bale 
sontains  34  pieces,  and  each  piece  the  same  number  of  yards 
how  many  yards  sure  there  in  each  piece  ? 

(5)  If  the  pressure  of  the  atmosphere  at  the  surface  of  the 
earth,  when  the  barometer  stands  at  80  inches,  be  15  lbs.  on 
the  square  inch,  what  is  the  pressure  in  pounds  on  the 
surface  of  the  human  body,  supposing  it  to  be  16  square 
feet  ?  "What  would  be  the  difference  of  the  pressure  when 
the  barometer  stands  at  29  inches? 

IV.     Measubes  of  Capaoitt. 

(1)  What  will  2  bushels  3  pecks  8  quarts  of  strawberries 
•mount  to  at  12^  cents  per  quart  ? 

(2)  A  laborer  dug  180  rods  4  yards  2^  feet  of  ditching  at 
S2^  per  rod,  for  which  he  is  to  take  $100  in  cash,  and  wheat 
at  87i  cents  per  bushel.  To  what  quantity  of  wheat  will  he 
be  entitled  ? 

(8)  A  grocer  exchanged  29  gal.  8  qt.  1  pt.  of  brandy,  at 
43  J  cents  per  gallon,  for  rye  at  81 J  cents  per  bushel.  "What 
quantity  of  rye  did  he  thus  attain  ? 

(4)  I  wish  to  put  111  bu.  2  pk.  4  qt.  of  grain  into  bags 
that  shall  contain  2  bu.  1  pk.  4  qt.  each ;  how  msmy  bags 
will  be  required  ? 

(5)  A  farmer  had  a  field  of  com,  consisting  of  129  rows, 
and  each  row  contained  96  hills,  and  each  hill  had  on  an 
average  4^  ears  of  com  ;  if  it  takes  8  ears  of  com  to  make  a 
quart,  what  is  the  produce  of  the  field  worth  at  46  cents  per 
boAhe]  ? 
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V.       MeASUBES    of    WElQflf* 

(1)  If  John  buy,  by  Avoirdupois  weight,  12  lb.  of  opittm 
at  87ii  cents,  per  ounce,  and  sell  by  Troy  weight  at  40  cents 
per  ounce,  should  he  gain  or  lose  by  so  doing,  and  ho^ 
much.  ? 

(2)  A  person  purchases  goods  at  the  rate  of  $1.80  per 
pound  Troy  weight,  and  sells  them  again  ,by  Avoirdupois 
weight ;  at  what  rate  must  he  sell  per  ounce'  so  as  exactly  to 
reimburse  himself.  ? 

(8)  By  multiplying  a  certain  weight  by  a  whole  number 
the  result  is  8  lbs.  20  grains  Avoirdupois  weight,  and  by 
multiplying  the  same  weight  by  another  whole  number  the 
result  is  8  lbs.  11  oz.  16  dwts.  16  grs.     Find  the  weight. 

(4)  A  row  of  cent-pieces  is  laid  from  Toronto  to  Hamilton. 
Find  their  weight,  the  distance  being  89  miles  1  fur.  1  per. 
and  9  in. 

(6)  Find  the  value  of  600  times  the  diflforence  between  aD 
eighty-fourth  part  of  2^  cwt.  and  a  thirtieth  part  of  1  cwt, 
0  qr.  8  lb.  (28  lbs.  to  the  quarter.) 

XIX.    Practice. 

166.  Practice  is  the  name  given  to  a  method  by 
which  we  find  the  cost  of  any  number  of  articles  of  the 
same  kind  when  the  price  of  one  is  given,  or  the  cost  of 
any  quantity  of  goods  of  mixed  denominations,  when  the 
cost  of  a  single  unit  of  any  denomination  is  given. 

I.     SmPLB  Pbactiob. 

When  the  articles  are  of  the  same  kind  or  denomi- 
nation. 

Ex:  (1).  Suppose  I   have  to  find  the  cost  of  2478 
articles  at  3s.  ^d.  each. 

Knowing  that  35.  id.  is  one-sixth  part  of  £1,  I  reason, 
thus  :  if  the  articles  had  cost  £1  each,  the  total  cost 
would  have  been  £2478  ; 
.-.  as  they  cost  I  of  £1  each,  the  cost  will  bs  £^V^>  »"  ^^^'^ 

The  process  may  be  written  thus  : 
3a.  Ad.  is  \  of  £l|£2478  =  cosc  of  the  articles  at  £1  each. 

£413  =  cost  of  the  articles  at  3s.  4d.  each. 


nuofxon. 
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Ex.  (2).  Find  the  cost  of  2897  articles  at  £2. 12«.  9d, 
6aob. 

£       $.     d, 
^82  is  2  X  ^1    2897  .    0.0  =  cost  £1  each. 


10«.  is^ofjei 
2s.  is  I  of  10«. 
Sd:  is  I  of  28. 
Id.iB^ofSd. 


5794  .  00  .  0  = £2 

1448  .  10  .  0  = 10«.    ... 

289  .  14  .  0  = 2s 

96  .  11  .  4= Sd 

12  .     1.6  = Id 


je7640  .  16  .  9  =  costat^2.12*.9(i.  each 
NoTB. — A  shorter  method  would  be  to  take  the  parts 
thus: 

10a.=i  of  £1;  2s.ed.  =  i  of  10«. ;  Sd.  =  ^  of  2«.  6<?. 
Ex.  (8).  Find  the  cost  of  425  articles  at  £2.  ISs.  id. 
each. 

Since  £2.  IBs.  id,  is  the  difference  between  £8  and 
1*.  Sd.  (which  is  ^^  of  £1),  the  shoi-test  course  is  to  find 
the  cost  at  £S  each,  and  to  subtract  from  it  the  cost  at 
Is,  6d.  each,  thus  : 

jS        t.    d. 
£d  is  8Xj£1  425  .     0  .  0  =«  cost  at  £1  each. 


U,  Bd.  is  ^«  of  ^1 


1276 
86 


0  .  0  = 
8  .  4  = 


.£d 

.1^.  Sd.  each. 


iei239  .  11  .  8  =  cost  at  £2  ISs.  id.  each. 
Ex.  (4).  A  bankrupt  pays  6^.  7i<i.  in  the  pound  : 
what  is  the  dividend  on  a  debt  of  £862.  15«.  ? 

£        I.     d, 
6«.  is  i  of  £1     862  .  16  .  0      =  amount  of  debt. 


It.  is  \  of  6s. 

6d.  is  I  of  Is. 

Ijd.isiofed. 


90  .  18  .  9        =  amount  at  5«.  in  the  £. 
18  .    2  .  9        = Is , 

9  .     1.4-6     = 6d 

2.6.  4126  = Hd 


£120  .     8  .  2-626  -  amount  at  6s.  7H  in  £. 

Note.— Shorter  thus  :  4^.  =  i  of  £1;  2s.  6d.  =«  i  of  £1 ; 
lid.  -  ^  of  2<.  6d. 

Ex.  (6).  Findtheeostof784iarticlesat£2.  12<.  lOti. 
eftch. 


m 


OOUPOtTND   PiLkdfldf « 


Th»  cost  at  £1  each  is  £784.  10«. 

784  .  10  .  0  =-  cost  at  £1  each. 
2 


10«.  is  l^  of  £1 
25.  is  i  of  10«. 
lOd.  is  i^  of  10*. 


1669  .  0  .  0- £2  each. 

892  .  6  .  0= 10» 

78  .  9  .  0  = 2s ' 

82  .  18  .  9- lOd 


£2072  .     7  .  9=-cost  at  £2.  12«.  lOd.  eacK 
167.  The  fractions  of  a  Unit,  which  have  for  their 
numerator  Unity,  are  called  Aliquot  Parts  of  the  unit. 
Thus  58.,  being  ^  of  £1,  is  an  aliquot  part  of  a  pound  : 
and  5  lb.  being }  of  1  qr.,  is  an  aliquot  part  of  a  quarter. 
Examples-  (Ixxxvi) 
Find  the  cost  of  the  following  articles : 
(1)    4821    at  £1.  17«.  S\d,      (2)    2176  at  £2.  16».  A^d. 
(8)    8768i  at  £1.  7».  Hd.         (4)     4276  at  £12.  lis.  5id, 
(5)     5788    at  £14.  9«.  6H       (6)     8689|  at  £16.  12«.  9d. 

(7)  7483    at  £22.  13«.  2hi. 

(8)  What  is  the  dividend  on  £4284.  10s.  at  5«.  Qd.  in  the  £  ? 

(9)  What  is  the  dividend  on  £4975  at  8«.  4^d.  in  the  £? 
(10)    What  is  the  dividend  on  £3729.  18«.  Qd.  at  7«.  OJd.  in 

the£? 

n.     Compound  Pbaotiob. 

Ex.  (1).    When  we  have  to  find  the  cost  of  a  quantity 

of  goods  of  mixed  denomination  (as  14  cwt.  8  qr.  17  lb.), 

the  cost  of  a  single  unit  of  one  of  the  denominations  being 

given  (as  £8.  Is.  6d,  per  cwt.  of  112  lbs.)  we  proceed  thus  : 

£.      i.     d, 
14  owt.  is  14  X  1  cwt.   8.7.6=  cost  of  1  ow* 


2qr.  ii^ofl  cwt. 
lqr.ii}of2qr. 
141b.  isioflqr. 
2  lb.  is  i  of  14  lb. 
lib.  is i of  2  lb. 


2 

6. 

16. 

0 
7 

47  .     6  .    0    =  cost  of  14  cwt. 

1.  18.     9    ^ 2qr. 

16.  lOi  =  .. 

8  ,     5i  =  .. 

1.     2U=.. 

7il-  ... 


.Iqr. 
,  14  lb. 
2  1b. 
lib. 


£60  .  5  .  10ff=  cost  of  14owt.8qr.17lb. 


OOKPOUND    PRAOTIOS. 
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Ex.  2.     What  is  the  rent  of  12  ac.  8  ro.  26  po. ; 
£8.  58.  an  acre  ? 

£.      t.      d 

8.6.0       =  the  rent  of  1  acre. 


12  ao.  iB  12  X  1  ao. 

2  ro.  is  i  of  1  ao. 
1  ro.  is  ^  of  2  ro. 
20  po.  is  ^  of  1  ro. 
6  po.  is  \  of  20  po. 
1  po.  is  {  of  6  po. 


39. 
1. 


0. 
12. 
16. 

8. 

2. 


0 
6 
8 
1-6     : 

0-375= 


12  ao. 
2ro. 
1  ro. 
20  po. 
5  po. 


4-875=  Ipo. 


£41  .  19  .     8-75  -therentofl2a.3r.26p. 

NoTB. — When  the  divisor  is  any  number  less  than  12 
(except  7)  it  is  desirable  to  employ  decimals,  instead  of 
vulgar  fractions,  to  express 
ftfter  the  line  of  pence. 


the  result  of  the  division 


Examples.    G*"^ii) 

(1)  6  ao.  8ro.  4  po.  4^  yd.  at  £10  per  rood. 

(2)  12  cwt.  8  qr.  22  lb.  12  oz.  at  £3.  18«.  2d.  per  cwt, 

(3)  10  ac.  3  ro.  26  po.  at  £2.  IS^.  10^.  per  acre. 

(4)  6  tons  12  ewt.  8  qr.  lO^lb.  at  £3.  14*.  8^1.  per  owt. 

(5)  63  cwt.  8  qr.  17i  lb.  at  12  guineas  per  cwt. 

(6)  29  ac.  8  ro.  5  po.  at  100  guLQeas  per  acre. 

(7)  16  oz.  6  dwt  20  gr.  at  £3.  17«.  6<i.  per  oa. 

(8)  26  ao.  1  ro.  10  po.  at  £42.  2».  4d.  per  acre. 

(9)  18.  cwt.  8  qr.  17  lb.  at  £22  Ss.  per  owt. 
(10)  319  owt.  8  qr.  16  lb.  at  £2.  12«.  6d,  per  owt. 

Invoicei  and  Accounts, 

168.  An  Intoiob  is  a  statement  in  detail,  sent  by  a 
Seller  to  the  Buyer  at  the  time  the  goods  are  deUvered 
to  the  Buyer,  of  the  quantity,  description,  and  price  of 
the  goods. 

An  Account  is  a  statement  sent  by  the  Seller  to  the 
Buyer  at  the  end  of  a  term  of  credit,  shewing  the  totals 
and  dates  of  each  Invoice  and  the  sum  totaJ  of  ibf 
vfhole. 
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COMPOUND    PRACTICE. 


Each  separate  article  or  amount  in  an  Invoice  or  an 
Account  is  called  an  Item. 

A  Detailed  Account  is  a  full  statement,  sent  by  the 
Seller  to  the  Buyer  at  the  end  of  a  term  of  credit,  show- 
ing the  dates  of  delivery,  the  quantities,  description, 
prices,  and  sum  total  of  the  goods  delivered  by  the  Sellei 
to  the  Buyer  during  that  term  of  credit. 

When  an  account  has  been  made  out  it  is  rendered 
ie.f  sent  to  the  Buyer. 


Specimen  of  an  Invoice. 

Toronto,  June  20,  1877 
John  Smith,  Esq., 

Bought  of  J.  Jones  &  Co.,  21  Front-st. 


5  lbs.  of  Tea nt  75  cts. 

8  lbs.  of  Loaf  Sugar... at  12^  cts 
2i  lbs.  of  Butter at  80  ots. 


• 

ctl. 

3 

75 

1 

00 

0  1  76 

5  1  50 

Specimen  of  an  Account. 

Toronto,  July  21,  1877. 


John  Smith,  Esq., 


To  J.  Jones  &  Co.,  21  Front-st. 


1877 

June  20|To  Goods,  as  per  invoice 

To  do 

To  do 

To  do 


June  28 
July  8 
Julv  12. 


$    cts- 


50 
80 
60 
27 


19  I  17 
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Specimen  of  a  Detailed  Account. 

Toronto,  July  21,  1877. 
John  Smirb,  Esq., 

To  J.  Jones  K^  Co.,  21  Front-st. 


1877 
June  20 

t 
5  lbs.  of  Tea 

..at  75  cts 

$ 
3 
1 

6 

1 
1 

1 

1 

19 

cts. 

7r 

"     20 

8  lbs.  of  Loaf  Sugar. 
2.Vlb3.  of  Butter.... 
1  bbl.  of  Flour 

..at  12-^-  cts 

00 

"     20 

..at  80  cts 

75 

June  23 

..at  S6 

00 

"     23 

18  lbs.  of  Cheese.... 
12  lbs.  of  Biscuit.... 
6  jars  of  Pickles  .... 
1  gal.  of  Coal  Oil.... 
8  lbs.  of  Sugar 

..at  10  cts 

80 

July     3 
3 

..at  15  cts 

80 

..at  30  cts 

JHO 

July  12 
"     12 

..37  cts 

37 

..11  cts 

88 

»     12 

BLlbs.  Eaisins 

..12  cts 

09, 

17 

Examples  (Ixxxviii) 

Make  out  invoices  of  the  following  sales,  sui^plying  names 
and  dates  of  yoiu"  own  selection : 

(1)  100  yds.  of  broadcloth  at  $3.25  per  yard;  2500  yards 
of  sheeting  at  12  cts.  per  yard ;  3000  yards  of  prints  at  18  cts. 
per  yard ;  300  yds.  of  French  silk  at  ?f  1.75  per  yard. 

(2)  5  lbs.  of  black  tea  at  70  cts.  ;  2^  lbs.  of  green  tea  at  90 
cts. ;  15|-  lb.  of  lump  sugar  at  12  cts. ;  17  lb.  of  brown  sugar 
at  9  cts.  ;  7^  lb.  of  raisins  at  20  4  lb.  cuirants  at 
at  13  cts. 

'  Make  out  accounts  of  the     llowing  sales,  supplying  names 
and  dates  of  j'our  own  selection: 

(S)  39^  yd.  of  Brussels  caii)ei;  at  $1.50;  G2|  yd.  of  Kid- 
derminster carpet  at  $i.lO;  27yd.  of  iivitting'at  23  cts.; 
341  yd.  of  drugget  at  65  cts. ;  43^  yd.  of  India  matting  at 
18'cts. 

(4)  23  yd.  of  black  silk  at  $2.15;  17  yd.  of  ribbon  at  23 
cts. ;  13iyd.  of  silk  velvet  at  25  cts. ;  1^  doz.  pans  of  stock- 
ings at  45  cts.  a  pair ;  5  pairs  of  gloves  at  $1.25 ;  18  yd.  of 
musHn  at  17  cts. 

(5)  6  pairs  of  blankets  at  $5.50 ;  12^  yd.  of  meiino  at 
45  cts. ;  15^  yd.  of  cloth  at  $3.25  ;  5;^  yd.  of  flannel  at  30  cts.; 
2  counterpanes  at  $4.25  each ;  254  yd",  of  cahco  at  15  ctSr 


iBi  PBOBLSMS. 

XX.    Problems. 

169.  Tho  Vnitaiy  Method,  which  is  rapidly  displac- 
ing the  Rule  of  Three,  will  be  gradually  explained  in 
this  and  th<3  succeeding  Sections. 

Ex.  (1).  If  28  bullocks  cost  $483,  what  is  the  cost 
of  1  bullock  ? 

Since  23  bullocks  cost  $483, 

1  bullock  will  cost  $^  or  $21. 

Ex.  (2).    If  7  men  do  a  piece  of  work  in  12  days, 
how  long  will  it  take  1  man  to  do  it  ? 
Since  7  mon  can  do  the  work  in  12  days, 

1  maa  can  do  the  work  in  (7  X  12)  days,  or  84  days, 

Ex.  (8).  If  28  men  do  a  piece  of  work  in  42  days,  in 
how  many  days  can  21  men  do  it  ? 
Time  for  28  men  to  do  the  work  =  42  days. 

"         I  man     "  "         =  28  X  42  days. 

"       21  men    «•  "        =??Ai?day8. 

As. 

=  66  days. 

Ex.  (4).  [f  76  men  finish  a  piece  of  work  in  12  days, 
how  many  men  will  finish  it  in  20  days  ? 

In  12  days  the  work  is  done  by  75  men, 
•   In  1  day  the  work  is  done  by  (12  X  75)  men, 

In  20  days  the  work  is  done  by  — ^^~  i^en,  or  45  men. 

Ex.  (5).  A  bankrupt's  debts  are  $2520,  and  his  assets 
(that  is  the  value  of  his  property)  are  $1890  ;  what  can 
he  pay  in  th(i  dollar. 

In  the  placo  of  $2520,  he  can  pay  $1890, 
In  the  place  of  $1,  he  can  pay  $i||g  or  $f ,  or  75  cts. ; 
,*.  he  pays  76  cents,  in  the  dollar. 

Ex.  (6).  A  bankrupt's  debts  are  £4264,  and  he  pays 
125.  Qd.  in  the  pound  ;  what  are  his  assets  ? 
That  which  he  has  to  meet  a  debt  of  jBI  is  12^«. 
That  which  he  has  to  meet  a  debt  of  i*4264  is  (4264X  12i>.; 
«'j,  ^s  assets  are ^^-  —  s,  or  ^266^. 


fidilMMn  Hi 

El.  (*f).  it  27  men  can  do  a  piece  of  work  in  14  days, 
working  10  hours  a  day,  how  many  hours  a  day  must 
12  men  work  to  do  the  same  in  46  days  ? 

Since  27  men  can  do  the  work  in  (14x10)  hours,  or  140 
hours, 

1  man  can  do  the  work  in  (27x140)  hr. 
.*.  12  men  can  do  the  work  in  * T.^jL*o  hr.,  or  815  br. 
Now  315  hours  have  to  be  distributed  equally  over  45  days; 
.'.  the  number  of  hours  they  work  each  day  =  ^  or  7. 

Ex.  (8).  If  7  lbs.  of  tea  coat  $5.G0,  what  will  be  the 
*iost  of  12  lbs.  ? 

Since  7  lb.  of  tea  cost  (5.60, 

1  lb.  of  tea  costs  ^^,  or  80  cts., 

.•.  12  lb.  of  tea  cost  12  x  SOcts.  or  $9.60 

Ex.  (9).  If  9  horses  can  plough  46  acres  in  a  certam 
time,,  how  many  acres  can  12  horses  plough  in  the  same 
time  ? 

Since  9  horses  can  in  the  given  time  plough  46  ac, 
1  horse  can  in  the  given  time  plough  Y  ^c. 
.*.  12  horses  can  in  the  given  time  plough  lA^**  ac., 

or  61^  ac 

Ex.  (10).  If  15  horses  can  plougii  a  certain  quantity 
of  land  in  five  days,  how  many  horses  will  be  required 
to  plough  it  in  three  days  ? 

In  5  days  the  land  can  be  ploughed  by  15  horses; 
In  1  day  the  land  can  be  ploughed  by  (5x15)  horses ; 

In  8  days  the  land  can  be  ploughed  by — — — —^  or  26  horsea, 

8 
Note  I. — In  simple  quescioua  ol  this  kind  we  have  a 

8iippos}tion  and  a  demand.     Each  contains  two  kinds  of 

things  ;  in  the  supposition  the  magnitudes  of  both  kinds 

are  given ;  in  the  demand  a  magnitude  of  one  kind  is 

given,  and  the  appropriate  corresponding  magnitude  of 

the  other  kind  has  to  be  found.     The  first  line  of  the 

volution  contains  the  magnitudes  of  the  supposition  so 


16d  Mo^u^g. 

arranged,  that  at  the  end  of  the  line  we  have  that  kind  of 
thing,  of  which  the  magnitude  is  required  in  the  demand. 

Thus  in  Ex.    (10)   the   order  of  the   supposition  is 
changed,  and  the  magnitude,  15  horses,  put  at  the  end 
of  the  line,  because  we  have  to  find  how  many  horses 
will  be  required  in  the  demand. 
,  Examples.  (Ixxiii) 

-*|     (1)  If  a  man  walk  62  miles  in  4  days,  in  how  many  days 
will  he  walk  93  miles  ? 

(2)  If  12  men  reap  a  field  in  4  days,  in  what  time  will  82 
men  reap  it  ? 

(8)  If  850  acres  of  land  cost  $61260,  what  will  273  acres 
cost  ? 

'    (4)  How  many  men  can  perform  in  12  days  a  piece  of 
work  which  16  men  can  perform  in  20  days  ? 

(5)  The  rent  of  17  acres  is  $297,  what  is  the  rent  of  86 
acres  ? 

(6)  If  a  man  walk  116  nules  in  8  days,  how  far  will  he 
walk  in  14  days  ? 

(7)  A  farmer  seUs  a  flock  of  270  sheep  at  $240  a  score, 
what  does  he  get  for  them  ? 

(8)  A  servant's  wages  being  $108  per  annum,  how  much 
ought  she  to  receive  for  7  weeks  ? 

(9)  A  clerk's  salary  is  ^191.  12«.  Gd.  per  annum ;  what 
ought  he  to  receive  for  60  days  service  ? 

(10)  A  ship  performs  a  voyage  in  68  days,  sailing  at  the 
rate  of  6  knots  an  hour ;  how  long  would  it  take  her,  if  she 
sailed  i»t  the  rate  of  7  knots  an  hour  ? 

(11)  A  bankrupt's  effects  are  worth  $860,  and  his  debts 
are  $1300  ;  what  does  he  pay  in  the  dollar  ? 

Note  II. — To  one  of  the  magnitudes  in  a  supposi- 
tion there  is  a  corresponding  magnitude  of  the  same 
kind  in  the  demand,  and  these  magnitudes  must  be  ex- 
pressed in  units  of  the  same  denomination. 

Ex.  A  man  walks  1  m.  1  for.  7  po.  in  20  minutep. ;  ho^i' 
long  will  he  take  to  walk  41  m.  2  fur.  12  no.  ? 

Here  1  m.  1  lur.  7  po.=5t)7  poles, 

and  41  m.  2  fur.  12  po.  =13212  poles. 

Then  he  walks  367  poles  in  20  minutes  ; 
he  walks      1  pole  in  ^^6^7  min.  ; 
ho  walks  13212  poles  in  ^HU^  min.,  or  720  min. 
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txampies  (Ixxxix) — continued, 

(12)  If  3  bushels  of  wheat  be  worth  $3.50  what  is  the 
worth  of  43  qr.  6  bus.  ? 

(13)  If  15  yards  of  silk  cost  $6.75  how  much  will  20  yd, 

1  ft.  cost  ? 

(14)  If  3   cwt.   3  qr.   cost  $27,  what  will  be  the  cost  of 

2  cwt. 

(15)  If  2  cwt.  3  qr.  7  lb.  cost  £5  17s.  S^d.  what  is  the 
cost  of  9  cwt.  ? 

170.  Vrohlems  involving  Fractions. 

Ex.  If.^  of  an  estate  be  worth  $1500,  what  is  the 
value  of  "I  of  the  estate  ? 

Since  f  of  the  estate  is  worth  $1500, 
i  of  the  estate  is  worth  $^V-^. 
.  .  the  estate  is  worth  $li^-l^-^  or  $3500,    ' 
Hence  i  of  the  estate  is  worth  $lii^i-2-2  or  $2800. 

5 

Examples  (xc).  / 

{1)  If  f  of  an  estate  be  worth  $7520  ;  what  is  the  value  of     jT 
I  of  tiie  estate  ? 

(2)  A.  persons  owns  |  of  a  ship  and  sells  |  of  his  share  for 
$126t  ;  what  is  the  value  of  the  ship  ? 

(3)  If  3|-  lb.  of  tea  cost  15s.  3d.  how  much  can  I  buy  for 
£\  3rf.  lO^d. 

(4)  If  -iV  of  a  piece  of  work  be  done  in  25  days,  how  much 
will  be  done  in  llf  days  ? 

(5)  A  man  walks  18  m.  2  fur.  26  po.  of  yd.  in  6\  hours. 
How  long  does  he  take  to  walk  a  mile  and  a  half  ? 

(6)  A  gentleman  possessmg  -^V  of  an  estate  sold  t  of-rrr 

of  his  share  for  $603. 12|^ ;  what  would  \  of  -^^  of  the  estate 
sell  ft)r  at  the  same  rate  ? 

(7)  If  the  carriage  of  15*5  cwt.  of  goods  for  60  miles  cost 
$3.10,  how  far  ought  3.25  cwt.  to  be  carried  for  the  same 
money  ? 

(8)  Wliat  is  the  value  of  -^V  of  tV  of  a  vessel,  if  a  person 
who  owns  tV  of  it  sell  \  oi  I  of"  his  share  for  $1400. 

(9)  When  the  ounce  of  gold  is  worth  £3-89,  what  is  the 
cost  of  .04  lb.  ?  L 
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(10)  If  the  price  of  candles  8^  incheg  long  be  9d.  pef 
haK-dozen,  and  that  of  candles  of  the  same  thickness  and 
quality  10^  inches  long  be  \ld.  per  half-dozen,  which  kind 
do  yon  adyise  a  person  to  buy  ? 

(11)  If  the  carriage  of  60  cwt.  for  20  miles  cost  £14^, 
what  weight  can  be  carried  the  same  distance  for  ^5^  ? 

COMPLEX  PROBLEMS. 
171.  We  now  proceed  to  cases  in  which  the  suppo- 
sition, expressed  in  the  simplest  form,  contains  viort 
than  two  magnitudes^  the  demand  containing  the  same 
number  of  magnitudes,  aU  of  which  are  given,  except 
one,  which  has  to  be  found.  « 

Ex.  (1).  If  12  horaes  can  plough  96  acres  in  6  days,  how 
many  horses  will  plough  64  acres  in  8  days  ? 
In  6  days  96  acres  can  be  ploughed  by  12  horses. 
In  1  day  96  acres  can  be  ploughed  by  6x12  horses. 
In  1  day  1  acre  can  be  ploughed  by  -~~  horses. 
In  8  days  1  acre  can  be  ploughed  by  *  ^  ^^  horses. 
In  8  days  64  acres  can  be  ploughed  by  *  i^-i^ll-?.   horses. 

.-.  the  number  of  horses  required  is  6. 
Ex.  (2).  If  85  bushels  of  oats  last  7  horses  for  20  days, 
how  many  days  will  96  bushels  last  18  horses  ? 
85  bushels  last  7  horses  for  20  days. 
1  bushel  lasts  7  horses  for  fj  days. 
1  bushel  lasts  1  horse  for  '  ^,^^  dayg. 

So 

06  bushels  last  1  horse  for  iiLyiLM  days. 

3  8 

96  bushels  last  18  horses  for  »A|I|AO  days. 
.*.  the  number  of  days  is  21  \. 
Examples-    (^ci) 

(1)  If  40  acref  of  grass  be  mowed  by  8  men  in  7  days, 
how  many  acres  will  be  mowed  by  24  men  in  28  days  ? 

(2)  11  ^bO  Wii!  ^tiy  b  Liitju  for  5  days'  work,  how  much 
will  pay  32  men  tor  24  days'  work  ? 

(3)  Ifare-jiment  ol  939  g^ldiers  cansiime  351  quarters 
of  wheat  in  168  days,  Ijiow  many  soldiers  will  consume 
1404  quarters  in  56  days  ? 
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(4)  If  two  horses  eat  8  bushels  of  oats  in  16  days,  how 
many  horses  will  eat  3000  quarters  in  24  days  ? 

(6)  If  a  carrier  receive  112  for  the  carriage  of  8  cwt.  for 
160  miles,  how  much  ought  he  to  receive  for  the  carriage  of 
7  cwt.  8  qr.  14  lb.  for  60  miles  ? 

(6)  If  I  pay  $1.60  for  the  carriage  of  2  tons  for  6  miles, 
what  must  I  pay  for  the  carriage  of  12  tons  17  cwt.  for  84 
miles? 

(7)  If  3  men  earn  $16  in  4  days,  what  sum  will  18  men 
earn  in  16  days  ? 

(8)  How  many  bushels  of  wheat  wfll  serve  72  people  8 
days,  when  4  bushels  serve  6  people  24  days  ? 

(9)  If  a  man  travel  160  miles  in  6  days  when  the  days  are 
12  hours  long,  in  how  many  days  of  10  hours  each  will  he 
travel  600  miles  ? 

(10)  If  the  carriage  of  goods  weighing  5  cwt.  2  qr.  12  lb. 
for  160  miles  come  to  $15.70,  what  will  be  the  charge  for 
carrying  four  waggon-loads  of  the  same,  each  weighing  7  cwt. 
Oqr.  21b.,the  same  distance,  there  being  112  lbs.  in  the 
cwt.  ? 

(11)  If  $120  pay  16  labourers  for  6  days,  how  many 
labourers  at  the  same  rate  will  $270  pay  for  8  days  ? 

(12)^  If  the  gas  for  5  burners,  6  hours  every  day,  for  10 
days,  cost  $1.20,  how  many  burners  may  be  lighted  4  hours' 
every  evening  for  16  days  at  a  cost  of  §21. 60  ? 

(13)  If  a  travelling  party  of  three  spend  $190  in  4  weeks, 
how  long  will  $476  last  a  travelling  party  of  five  at  the  same 
rate  ? 

(14)  If  it  cost  $120  to  keep  two  horses  for  five  months, 
what  will  it  cost  to  keep  three  horses  for  eleven  months  ? 

(15)  If  it  cost  ^29.  7s.  6d.  to  keep  6  horses  for  6  weeks, 
how  long  may  3  horses  be  kept  for  £20.  lis.  Sd.  ? 

(16)  If  5  men  can  reap  a  field  of  12^  acres  in  8^  days, 
working  16  hours  a  day,  in  what  time  can  7  men  reap  a  field 
of  16  acres,  working  12  hours  a  day  ? 

(17)  If  868  men  in  6  months  consume  234  quarters  of 
wheat,  how  many  quarters  will  be  required  for  the  consump- 
tion of  979  men  for  8  months  and  a  half  ? 

(18)  The  wages  of  6  men  for  6  weeks  being  $816,  how 
many  weeks  will  4  men  work  for  $231  ? 

(19)  H  7  men  mow  22  acres  in  8  days,  working  11  hours 
a  lay,  in  how  many  days,  working  10  hour*  a  day,  will  12 
«c©n  mow  860  aores  ? 
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(20)  If  10  horses  consume  7  bus.  2  pk.  of  oats  in  7  days,  m 
what  time  will  28  horses  consume  3  qr.  6  bus.  at  the  same 
rate? 

(21)  If  44  cannon,  firing  30  rounds  an  hour  for  3  hours  a 
day,  consume  oOO  barrels  of  powder  in  5  days,  how  long  will 
400  barrels  last  66  cannon,  firing  40  rounds  an  hour  for  5 
liours  a  day  ? 

(22)  If  the  wages  of  29  men  for  54  days  amount  to  .£80  9s. 
6d.  how  many  men  must  work  12  days  to  receive  i;407  ? 

(23)  "Wliat  must  I  pay  for  the  hire  of  4  horses  for  5 
months,  if  I  pay  .£18  for  the  hire  of  3  horses  for  a  month  ? 

172.    Problems  relatiiig  to  Work  done  in  a  certam  time. 

Note.  I. — If  a  man  can  do  a  piece  of  work  in  7  hours, 
the  part  of  the  work  which  he  can  do  in  1  hr.  will  be 
represented  by  |, 

Ex.  (1)  ^  can  do  a  piece  of  work  in  5  days,  and  B 
can  do  it  in  12  days.  How  long  will  A  and  B^  working 
together,  take  to  do  the  work  ? 

Here  \  represents  the  part  A  does  daily, 
and  -iV  represents  the  part  B  does  daily ; 
•*•  5  +  ~iV  represents  the  part  A  and  B  do  daily  ; 
.\  theyde  iJ  in  1  day; 
.*.  they  do  -gV  in  ~iV  day ; 
.'.  they  do  the  whole  work  in  ^  days,  or  3-iV  days 

Ex.  (2).  A  can  do  a  piece  of  work  in  50  days,  B  in 
60  days,  and  C  in  75  days.  In  what  time  wiU  they  do 
it,  all  working  together  ? 

Here  ^q  4-  h  +  7^5  represents  the  part  they  do  daily ; 

.-.  they  do  ^_+3j-fi,  or  ^VV,  or  ^V  daily; 

.  •.  they  do  the  work  in  20  days. 

Ex.  (3).  A  can  reap  a  field  in  4 J  days,  and  B  can 
reap  it  in  5f  days.  How  long  will  they  take  to  reap  it, 
working  together. 

1  5 

A  does  -rr  or  -^  daily. 

1  3 

^does  5!"  or  Yt"  dail^. 
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.*.  together  they  do  ^^  +  iV,  or  ||f  daily ; 

.-.  they  do  3^  of  the  work  in  jfg-  day ; 

4*.  they  do  the  work  in  -f-^  days,  or  SiVg-  days. 

Ex.  (4).     A  and  B  do  a  piece  of  work  in  4  hours  ;  A 

And  C  in  3J  hours ;  B  and  C  in  ^\  hours.     In  what 

time  can  A  do  it  alone  ? 

A  and  B  can  do  \  in  an  hour. 
A  and  C  can  do  i^g  in  an  hour. 
.  two  men  of  ^'5  strength,  assisted  by  B  and  C  can  do 
^  +  1%  in  an  hour. 
Now  B  and  C  can  do  3^  in  an  hour. 
.*.  two  men  of  A's  strength  can  do  ^  +  i^  — uV  in  an  hour, 
or  fo -/o»  or  il,  or  ^  in  an  hour  ; 

.'.  A  can  do  ^in  an  hour; 
.*.  A  can  do  the  work  in  6  hours. 

Note  II. — If  a  tap  can  fill  a  vessel  in  5  hours,  the 
part  filled  by  it  in  1  hour  will  be  represented  by  \. 

Ex.  (1).  A  vessel  can  be  filled  by  three  taps,  run- 
ning separately,  in  20,  30,  and  40  minutes  respectively. 
In  what  time  will  they  fill  it  when  they  all  run  at  the 
same  time  ? 

They  fill  ^jV  +  3^  +  iV  of  the  vessel  in  1  mmute  ; 
.-.  they  fiU  ^^1^,  or  VA  ^^  ^  "^^^^^  5 
.-.  they  fill  T2"(r  in  A  of  a  minute  ; 
.*.  they  fill  the  vessel  in  Va^  or  9 1^3  minutes.  , 

Ex.  (2).  A  bath  is  filled  by  a  pipe  in  40  minutes.     It 
is  emptied  by  a  waste  pipe  in  an  hour.     In  what  time 
will  the  bath  be  full  if  both  pipes  be  opened  at  once  ? 
One  pipe  fills  4^,-  of  the  bath  in  a  minute. 
The  other  empties  -^  of  the  bath  in  a  minute. 
.*.  when  both  are  running,  ^V  —  A»  or  i^^j-  or  the  bath  is  filled 
in  a  minute ; 
.*.  the  bath  is  filled  in  120  minutes. 

Examples,   (xcii). 

r(l)  A  can  do  a  piece  of  work  in  6  hours;  B  can  do  it  in  "''"**^ 
9  hours.     Tti  what  time  will  they  do  it  if  they  work  together  ?       f^ 
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(2)  A  can  do  a  piece  of  work  in  85  days ;  B  can  do  it  In 
40  days  ;  C  can  do  it  in  45  days.  In  what  time  will  they  do 
it,  aU  working  together? 

(8)  A  and  B  can  reap  a  field  of  wheat  in  8  days ;  A  and 
-V  0  in  8^  days;  B  and  C  in  four  days.  In  what  time  could 
they  reap  it,  all  working  together  ? 

(4)  If  three  pipes  fill  a  vessel  in  6,  8,  and  12  minutes 
respectively,  in  what  time  will  the  vessel  be  fiUed  when  all 
three  are  opened  at  once  ? 

(5)  A  does  ^  of  a  piece  of  work  in  14  days.  He  then 
calls  in  B,  and  they  finish  the  work  in  2  days^  How  long 
would  B  take  to  do  the  whole  work  by  himself  ?  / e--A'i'9 

4-    (6)  A  does  a  piece  of  work  in  8  hours,  which  is  twice  the 

*  time  B  and  G  together  take  to  do  it ;  A  and  C  could  together 

do  it  in  H  hours.     How  long  would  B  alone  take  to  do  it  ? 

(7)  A  can  do  a  piece  of  work  in  27  days,  and  5  in  16 
days ;  A  works  at  it  alone  for  12  days,  B  then  works  alone 

;      5  days,  and  then  G  finishes  the  work  in  4  days.     In  what 
time  could  G  have  done  the  work  by  himself  ? 

(8)  A  cistern  is  filled  by  two  pipes  in  18  and  20  minutes 
respectively,  and  emptied  by  a  tap  in  40  minutes  ;  what  part 

\     of  it  will  be  filled  in  10  minutes  when  all  are  opened  at  the 
V.same instant ?    L 

173.  Problems  relating  to  Clocks, 

The  mimite-hand  moves  12  times  as  fast  as  the  hour- 
hand,  and  therefore  in  12  minutes  the  minute-hand 
gains  11  minute-divisions  on  the  hour-hand. 

Ex.  (1).  Find  the  time  between  8  and  4  o'clock  when 
the  hands  of  of  a  watch  are  together. 

At  8  o'clock  there  are  15   minute-divisions  between  the 
hands  ;  we  have  therefore  to  find  how  long  it  will  take  the 
minute-hand  to  gain  16  minute-divisions  on  the  hour-hand. 
The  minute-hand  gains  11  minute-divisions  in  12  minutes; 
1  minute-division  in  if  minutes  ; 

16  minute-divisions  in  — y^ —  min. ; 

.*,  the  timie  required  is  —jj—  min,,  or  16T^min.  past  8. 

Ex.  (2).  At  what  time  between  2  and  8  are  the  hands 
of  a  clock  at  right  angles  to  each  other  ? 

When  the  hands  are  at  right  angles  there  is  a  space 
of  16  minnte-divisions  between  them. 
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Hence,  since  at  2  o'clock  there  are  10  minnte-divis- 
ions  between  tlie  hands,  we  have  to  find  how  long  it 
will  take  the  minute-hand  to  gain  10  -f  16,  or  26  min- 
ute-divisions on  the  hour-hand. 

The  minute-hand  gains  11  minute-divisions  in  12  minutes ; 
1  minute-division    in  -{-f  minutes ; 
25  minute-divisions  in  ^*^^^^*  min. ; 

.%  the  time  required  is  '^^      min.,  or  27Txmin.  past  2. 

Ex.  (8).  At  what  times  between  6  and  7  are  the 
hands  of  a  clock  at  right  angles  to  each  other  ? 

Twice  between  6  and  7  this  will  occur  :  first,  before 
tlie  minute-hand  has  overtaken  the  hour-hand ;  second- 
ly, after  the  minute-hand  has  passed  the  hour-hand. 

Now,  since  at  6  o'clock  there  are  80  minute-divisions 
between  the  hands,  we  have  to  find  : 

First,  how  long  it  will  take  the  minute-hand  to  gain 
BO  — 15,  or  15  minute-divisions  on  the  hour-hand. 

Secondly,  how  long  it  will  take  the  minute-hand  to 
gain  80-f  15,  or  45  minute-divisions  on  the  hour-hand. 

The  process  in  each  case  will  be  similar  to  that  in  the 
preceding  examples,  and  the  results  are  IB-f^j^  min.  and 
49^^,-  min.  past  6. 

Ex.  (4).  Find  the  time  between  7  and  8  o'clock  when 
the  hands  of  a  watch  are  opposite  to  each  other. 

When  the  hands  are  opposite  there  is  a  space  of  80 
minutes  between  them,  and  at  7  o'clock  there  is  a  space 
of  35  minutes  between  the  hands. 

Hence  in  this  case  we  have  to  find  how  long  it  wiH 
take  the  minute-hand  to  gain  a  space  of  86—80,  or  6 
minutes  on  the  hour-hand. 

The  process  will  be  similar  to  that  in  the  precoding 
examples,  and  the  result  is  5^^  min.  past  7. 

Examples,    (xeiii) 
At  what  time  are  the  hands  of  ft  watch  together  be- 
tween the  hours  of 
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vl)     4  and  5.            (2)     6  and  7.  (3)     9  and  10  ? 

At  what  time  are  the  hands  of  a  watch  at  right  angles 
to  each  other  between 

(4)     4  and  5.             (5)     7  and  8.  (6)     il  and  12  ? 

At  what  time  are  the  hands  of  a  watch  opposite  to 
eacli  other  between 

(7)     1  and  2.             (8)     4  and  5.  (9)     8  and  9  ? 

EXAMINkriON  PAPEHS. 

I. 

(1)  If  for  a  given  sum  I  can  have  1200  lbs.  earned  36 
miles,  how  many  pounds  can  I  have  carried  24  miles  for  the 
same  sum  ? 

(2)  If  i-  of  a  ship  be  worth  S13056,  wJiat  is  the  value  of  | 
of  the  ship  ? 

(3)  A  silver  tankara  weighs  i  lb.  10  oz.  ;  what  is  its  value, 
when  a  dozen  spoons,  weighing  3|  oz.  each,  are  worth  154  ? 

(4)  A  man  spends  #61.60  every  35  days,  and  saves  #400  a 
year.     What  is  his  annual  income  ? 

(5)  When  the  income-tax  is  Qd.  in  the  £  a  man  pays 
£15  75.  Qd. ;  what  is  his  income  ? 

II. 

(1)  A  man  s  income  is  reduced  from  #2720  to  #2640.66 
when  he  has  paid  his  income  tax.  ^^^lat  is  his  tax  on  the 
dollar  ? 

(2)  If  10  horses  and  132  sheep  can  be  kept  8  days  for 
#202,  what  sum  will  keep  15  horses  and  148  sheep  for  the 
same  time,  supposing  5  horses  to  eat  as  much  as  84  sheep  ? 

(3)  A  man  receives  75  cents  in  the  dollar  of  what  was  due 
Ito  him  and  thereby  loses  #602.10.     Wliat  was  due  to  him? 

(4)  If  15  men  can  perform  a  piece  of  work  in  22  days, 
how  many  men  will  finish  another  piece  of  work  4  times  as 
large  in  a  fifth  part  of  the  time  ? 

(5)  If  72  men  dig  a  trench  in  63  days,  in  how  many  days 
will  42  men'^dig  another  trench  three  times  as  gi-eat  ? 

III. 

(1)  The  wages  of  A  and  B  together  for  7^  days  amount  to 
the  same  sum  as  the  wages  of  A  alone  for  12f  days.  For 
how  many  days  will  the  sum  pay  the  wages  of  B  alon©  ? 
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(8)  If  100  men  «an  perform  a  piece  of  work  in  30  days, 
how  many  men  can  perform  another  piece  of  work  thrice  m 
large  in  one-fourth  of  the  time  ? 

(8)  If  6  men  or  7  women  can  do  a  piece  of  work  in  87 
days,  how  long  will  a  piece  of  work  twice  as  great  occupy  7 
men  and  5  women  ? 

(4)  Two  persons,  A  and  B,  finish  a  work  in  20  days, 
which  B  by  himself  could  do  in  60  days.  In  what  time 
could  A  finish  it  by  himself?  How  much  more  of  the 
work  is  done  by  A  than  B  ? 

(6)  If  a  cistern  when  full  of  water  can  be  emptied  in  16 
minutes  by  a  pipe,  and  when  empty  can  be  filled  by  another 
in  20  minutes  ;  if  the  cistern  be  full,  in  what  time  can  it  be 
emptied  by  both  pipes  being  opened  at  the  same  time  ? 

IV. 

(1)  A  and  B  can  do  a  piece  of  work  alone  in  16  and  18 
4ays  respectively  ;  they  work  together  at  it  for  8  days,  when 
B  leaves,  but  A  continues,  and  after  8  days  is  joined  by  0, 
and  they  finish  it  together  in  4  days.  In  what  time  would 
0  do  the  work  by  himself  ? 

(2)  If  a  man  can  do  treble,  and  a  woman  double  the  work 
of  a  boy  in  the  same  time,  how  long  would  9  men,  16  women, 
and  18  boys  take  to  do  double  the  work  which  7  men,  12 
women,  and  9  boys  complete  in  250  days  ? 

(3)  A  and  B  walk  to  meet  each  other  from  two  places  100 
miles  distant.  A  walks  6  miles  an  hour  and  B  four  miles 
an  hour.  At  what  point  on  the  road  do  they  meet,  and  at 
what  two  times  are  they  fifty  miles  apart  from  each  other  ? 

(4)  A  watch  which  is  10  minutes  too  fast  at  noon  on  Mon- 
day loses  3  min.  10  sec.  daily.  What  will  be  the  time  indi- 
cated by  the  watch  at  a  quarter  past  10  on  the  morning  of 
the  following  Saturday  ? 

(5)  A  watch  set  accurately  at  12  o'clock  indicates  10  min. 
to  6  at  6  o'clock.  What  is  the  exact  time  when  the  watch 
indicates  6  o'clock  ?  If  it  indicated  10  minutes  past  6  at  6 
o'clock,  what  would  be  the  exact  time  when  the  hands  indi- 
cated 6  o'clock  ? 

V. 

(1)  A  laborer  agreed  to  work  for  60  days  on  this  condition  : 
that  every  day  he  worked  he  should  receive  $2,  and  for 
every  day  he  was  idle,  he  should  pay  $1.50  for  his  board. 
At  the  expiration  of  the  time,  be  received  $92.  How  macj 
days  dii  a$  work  ? 
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(2)  A  piece  of  work  can  be  done  in  a  day  of  11^  hoars  by 
%  men,  or  6  women,  or  12  boys ;  in  what  time  could  it  be 
done  by  1  man,  2  women,  and  8  boys  together  ? 

(8)  A  cistern  has  two  supplying  pipes  A  and  B,  and  a  tap 
0.  When  the  cistern  is  empty,  A  and  B  are  turned  on,  and 
it  is  filled  in  4  hours  ;  then  B  is  shut  and  G  turned  on,  and 
the  cistern  is  quite  emptied  in  40  hours ;  when,  lastly,  A  is 
ghut  and  B  turned  on,  and  in  60  hours  afterwards  the  cistern 
is  again  fiUed.  In  what  time  could  the  cistern  be  filled  by 
4ach  of  the  pipes  A  and  B,  singly  ? 

(4)  A  clock  is  set  at  12  o'clock  on  Saturday  night,  and  at 
Qoon  on  Tuesday  it  is  8  minutes  too  fast.  Supposing  its 
rate  regular,  what  will  be  the  true  time  when  the  clock 
strikes  four  on  Thursday  afternoon  ? 

(5)  A  contractor  engages  what  he  considers  a  sufficient 
number  of  men  to  execute  a  piece  of  work  in  84  days  ;  but 
he  ascertains  that  three  of  his  men  do,  respectively,  ^,  |,  and 
I  less  than  an  average  day's  work,  and  two  others  ^  and  A 
more,  and  in  order  to  complete  the  work  in  the  14  weeks, 
he  procures  the  help  of  17  additional  men  for  the  84th  day. 
How  much  less  or  more  than  an  average  day's  work  on  tht 
part  of  these  17  men  is  required  ? 

XXI.    Simple  Interest 

174.  Intbkkbt  is  that  which  is  paid  by  one,  who  bor- 
rows money,  for  the  use  of  the  money. 

The  money  lent  is  called  the  Pbinoipal. 

The  Borrower  agrees  to  pay  at  what  is  called  a  certain 
Rate  of  interest,  which  is  usually  reckoned  by  the  sum 
paid  for  the  use  of  $100  for  1  year.  Thus,  if  I  borrow 
$500  for  1  year,  and  agree  to  pay  $25  for  the  use  of  the 
njoney,  I  am  said  to  borrow  at  the  Bate  of  6  per  cen 
per  annum,  that  is,  I  agree  to  pay  $5  for  the  use 
every  $100  in  tlie  loan  at  tlie  end  of  the  year. 

The  sum  made  up  of  the  Principal  and  Interest 
added  together,  is  called  the  Amount  at  the  end  o£  the 
time  for  which  the  money  is  borrowed. 

175-  The  solution  of  questions  relating  to  Interest 
depends  ou  precisely  the  same  principles  as  those  ex- 
plained in  %h.Q  last  Section^  and  it  is  only  because  of  the 


necessity  of  explainiag  technical  terms  *^  at  tnsre  is  an;y 
occasion  to  separate  this  or  the  '  eediog  Sections* 
from  Section  XX. 

For,  just  as  we  reason  about  the  q    .stioi\ 

Wliat  must  I  pay  for  the  hire  of  4  liorses  for   5  montlis,  if 
I  pay  618  for  the  liirc  of  8  horses  for  a  montli  ? 

so  do  we  reason  about  the  question 

What  must  I  pay  for  the  use  of  ^550  for  3  years,  if  T  pay 
$5  for  the  use  of  $iOO  for  a  year  ^ 

Ex.   (1).     To  find  the  Simple  Interest  on  $2675  foi 
3  years,  at  8  per  cent.,  we  reason  thus  : 

Interest  on  1100  for  1  year  is  S8; 
on  $1  for  1  year  is  ^yji^  5 
on  $2675  for  1  year  is  $  ^  ^'  "  ^  ""    ' 


1  0  0 
3X  2C 


on  $2075  for  3  yeai-s  is  $l^''JL^±'il • 

100  ' 

.-.  the  interest  is  $642. 

Hence  we  derive  the  following  Rule : 

Multiply  the  Priuciiial  hy  the  Bate  per  Cent.,  and  thf 
result  hy  the  Time  exi'iessed  in  years,  and  divide  the  j^ro- 
diict  hy  100. 

The  process  stands  thus  : 

2675 
8 

21400 
3 

$642.00  • 

.*.  the  interest  is  $642. 

Ex.  (2).  Find  the  interest  on  $3200  for  2  years  and 
7  months  at  7i  per  cent. 
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Since  7  months  is  -^^  of  a  year  the  time  is  2^^  years. 

Interest  on  $100  for  1  year  is  $7.50. 
ei      fori  year  is  $7_'^o 

$3200  for  1  year  is  ^^^^f  f/-^ 

3  200  X  7.50 


$3200  for  2/2-  years  is  2/^-  X  $ 


1  00 


_  0;  •IJ.x  3  2  0  q^x  T^^so 
SP  1  2  X  1  0  0 

=  $620; 
.-.  the  interest  is  $620. 

Ex.  (3).  Find  the  interest  on  $101178  from  January 
28th,  1876,  to  Sept.  15th,  1870,  at  6  per  cent. 

The  number  of  days  between  January  28th  and  Sept. 
15th  is  231,  and  231  days  is  ^§i  of  a  year. 

Interest  =  l-"-lA^-«-^-«-  x  §H  =  $3841-992. 

Note  I. — In  calculating  the  number  of  days  between 
two  given  days  of  the  year,  the  lule  is  to  include  one  oj 
them  only  in  the  calculation.  Thus  from  Jan.  4  t'">  Jan. 
9  will  be  5  days. 

In  the  preceding  example  if  we  multiply  numerate* 
and  denominator  by  2  we  have 

101178  X  2  X  231 


73000 

Hence,  in  computing  the  interest  for  any  number  of 
days,  we  have  the  following  rule  : 

Multiply  the  Principal  by  twice  the  rate,  and  the  result 
by  the  number  of  days  and  diride  the  product  by   73000. 

When  the  Principal  is  not  very  large  the  division  is 
most  readily  effected  by  dividing  the  product  by  3,  the 
quotient  by  10,  and  the  new  quotient  by  10,  and  adding 
these  quotients  and  the  product  toge+li  and  pointing 
off  five  places  of  decimals. 
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i69 


Thus:  Find  the  interest  ox  $lOOO  for  121   daVd  ai 
8  per  cent. 

eiooo 

16 


16000 
121 

^  1  193G0OO 
20  ;     645333  i 
lu  ,       645331 
1         6453 J 

126-52320 

Sir.ce  73000  increased  by  J  of  i 
yj^of  itself  becomes  lOOUlO. 

Thus,        .                    i 

iSof  i 

i\  of  ,^ 

73000 
24333^ 
2433i 
243| 

100010 

and  considering  tliis  as  100000  the  reason  for  tlie  a'bove 
process  is  evident. 

Note  II. — In  actual  practice  the  time,  when  not  an 
exact  number  of  years,  is  always  expressed  in  daijs,  or 
in  yt'ars  and  days. 

Examples,  (xciv). 

Find  the  simple  interest — 

(1)  On  S2750  for  6  years  at  5  per  cent,  per  annum. 

(2)  On  t'3625  for  4  years  at  8  per  cent,  per  annum. 

(3)  On  $27  0  for  6  years  at  Ih  j)er  cent,  per  annum. 

(4)  On  $8825  for  6^  years  at  8  per  cent,  per  annum. 

(5)  On  ^IIGO  for  11  months  at  9  per  cent,  per  annum. 

(6)  On  $0125  for  78  davs  at  8  j)er  cent,  per  annum. 

(7)  On  ^5013  from  Nov.  23,  1876,  to  Apiil  7,  1877,  at  7^ 

per  cent,  per  annum. 

(8)  On  i'204  17s.  7d.  from  Aug.  3  to  Jan.  9  at  5  per  cent. 

176.  We  have  explained  how  to  fin^  the  Interest 
(and  Amount)  when  the  Principal,  Rate  and  Time  are 
given.     We  shall  now  explain  how  to  find  the  Bate,  or 
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rime,  or  Principal,   -i^lien  the  other  two  and  also  ih& 
Interest  (or  Amount)  are  given. 

Ex.  (1).  At  what  Eate  percent,  will  5(^520 amount  ^o 
|;800-80  in  9  years  ? 

As  the  rate  is  the  interest  on  $100  for  1  year,  to  find 
the  rate  we  must  find  the  interest  on  $100  for  1  year. 
Here  interest  =  $800.80 -.$520 =$280  80, 
Thus,  tlie  interest  on  $520  for  9  years  is  $280.80  ; 
.-.  the  interest  on  $520  for  1  year  is  $  ~|-- 
on  $i  for  1  year  IS  $^v.  0^9 

on  $100  for  1  year  is  $  '^  ^^  0 1 V~  =  §C ; 
.•.  Kate  required  is  6  per  cent. 
Ex.  (2).  In  what  Time  will   the   Interest  on  $3u0 
amount  to  £126  at  5  per  cent.  ? 

Interest  on  $360  for  1  year  is  S'y~~*  or  »ia 
Then,  since  $18    is  the  interest  for  1  year, 
$1      is  the  interest  for  j^  ^eai, 
$126  is  the  interest  for  ^fji*  year,  or  7  years. 
.'.•Time  required  is  7  years. 
Ex.  (3).  What  Principal  will  amount  to  S980  in  3 
years  at  7^  per  cent.  ? 

Interest  on  $100  for  3  years  at  7^  per  cent,  is  $22-50, 
.*.  $122.50  is  tlie  amount  which  has  for  its  Principal  0100; 


is  the  amount  whicli  has  for  its  Principal  $-7^^- 7^ 


0 

0  8  0  X  loo 


$980  is  the  amount  which  has  for  its  Principal  $",',„', 
or  $800. 

.*.  Principal  required  is  $800. 

Ex.  (4).  At  what  rate  will  any  sum  triple  itself  in  20 
years  at  simple  interest  ? 

Here  the  interest  is  twice  the  Principal. 

Thus  the  interest  on  the  Principal  for  20  years  is  2  x  Priiv 
cipal ; 

„    2  X  Principal 

.*.  mterest  on  the  Principal  for  1  year  is wq 

2  X  Principal 
interest  o»  $1  for  1  year  is  iS^.i —J"^       " 

.    100  X  2  >  Principal 
on  $100  foi  1  year  is  --.-----  -~^--—  =10, 

^  *'  Principal  X  20 

.\  Eate  required  is  10  per  cent. 
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Examples,    (xot) 

(1)  At  what  rate  will  the  intereit  on  $iViQ  for  15  years  be  ^ 

•220.06? 

(2)  In  what  time  will  ♦700  amount  to  $920.50  at  6  per  * 
cent.  ? 

(3)  What  sum  will  amount  to  11326  in  8  months  at  9  per /^ 
cent.  ? 

(4)  The  interest  on  a  sum  of  money  for  12  years  at  4^  per  ♦^ 
cent,  is  $202.50 ;  what  is  the  sum  ? 

(5)  In  what  time  will  any  sum  double  itself  at  6  per  cent.  / 
simple  interest  ? 

(6)  What  must  be  the  rate  per  cent,  that  the  interest  at  y 
the  end  of  16  years  8  months  may  be  equal  to  seven-eighths 
of  the  sum  lent  ? 

(7)  A  sum  of  money  amounts  in  ten  years  at  7  per  cent., 
to  $1275 ;  in  how  many  years  will  it  amount  to  $1406,25  ? 

(8)  The  sum  of  $500  is  borrowed  at  the  beginning  of  the  ^ 
year  at  a  certain  rate  per  cent.,  and  after  9  months  $400 
more  is  borrowed  at  double  the  previous  rate.     At  the  end 

of  the  year  the  interest  on  both  loans  is  $35  ;  whai  is  the 
rate  at  which  the  first  sum  was  borrowed  ? 

(9)  In  how  many  days  will  the  interest  on  j6243.  6a.  Sd. 
be  M.  Os.  lOd.  at  6^  per  cent  ? 

(10)  If  ^556.  17<.  6(i.  be  loaned  for  125  days  and  then 
amount  to  ^566.  18s.  9d.f  what  was  the  rate  ? 

(11)  The  interest  on  $8000  for  one  day  is  $2;  find  the 
rate  per  cent,  per  annum. 

(12)  Bought  6000  bushels  of  wheat  at  $1,26  a  bushel,  pay. 
able  in  6  months;  I  immediately  realized  for  it  at  $l.iiO 
cash,  and  put  the  money  out  at  interest  at  10  per  nt.  At 
the  appointed  time  I  paid  for  the  wheat ;  did  I  gaui  or  lose 
by  the  transaction,  and  how  much  ? 

(13)  The  interest  on  a  sum  of  money  at  the  end  of  6  J 
years  is  three-eighths  of  the  sum  itself;  what  rate  per  cent, 
was  charged  ? 

(14)  A  sum  of  money  at  simple   interest  has  in  4^  years 
amounted  to  $735,  the  rate  of  interest  being  6  per  cent,  per- 
annum ;  what  was  the  sum  at  first,  and  in  how  m&ny  years 
more  will  it  amount  to  $1140  ? 

(16)  The  interest  on  $1805,  loaned  on  May  18th,  at  6^  per 
cent,  per  annum  is  f  37«?0$  ]  oo  wht^t  d&^  wa«  the  money    . 
returned  ? 


^^. 
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PARTIAL  PAYMENTS 

177.  A  partial  payment  is  the  payment  of  a  part  of 
the  amount  due  on  a  note  or  bond.  When  paitial  pay- 
ments are  made  they  are  endorsed  on  the  note  or  bond. 
To  compute  the  interest  on  such  a  note  proceed  accord- 
ing to  iie  following  rule  : 

Compute  the  interest  on  the  principal  to  the  time  of  the 
first  payment,  and  if  this  payment  exceed  the  interest  then 
due  add  tJie  interest  to  the  principal,  and  from  the  sum 
taJce  the  payment ;  the  remainder  will  form  a  new  princi- 
pal with  which  proceed  as  before. 


/  But  if  the  payment  he  less  than  the  interest,  compute  the 
/  interest  on  the  principal  to  the  time  wlien  the  sum  of  the 
y  payments  shall  first  equal  or  exceed  the  interest  due;  add 
i  the  interest  to  the  principal,  and  from  the  sum  subtract 
^j  the  sum  of  the  payments^  and  treat  the  remdinder  as  a 
\    new  principal. 


( 


This  rule  proceeds  on  the  ground  that  in  all  cases 
the  payment  should  be  applied  first  to  the  interest  due, 
then  to  the  principal,  and  that  the  principal  remains 
(    xmchanged  until  the  sum  paid  exceeds  the  accrued 

)    interest. 

( 

Ex.  (I).  14000.  ToBONTO,  June  1,  1872. 

Two  years  after  date  I  promise  to  pay  William  Smith, 
or  order,  four  thousand  dollars,  for  value  received,  with 
interest  at  7  per  cent. 

RiCHABD    PaYWBLL. 

On  this  note  were  the  following  endorsements : 

Sept.  15,  1872,  Four  hundred  and  fifty  Dollars, 

Dec.  15,  1872,  Fifty  DoUars. 

Mar.  1,  1878,  Five  hundred  Dollars, 

Jan.   1,  1874,  One  thousand  Dollars 

WoAi  xemained  due  Jane  4, 1874  ? 
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Frineipal  on  interest  June  1, 1872 $4000  00 

Interest  to  Sept.  16,  1872 80  89 

Amount $4080  89 

•  Less  1st  payment  450  00 


Remainder  for  ft  new  principal  $8680  89 

(  Interest  from  Sept.  16  to  Dec.  16,  1872,  is  ) 
}      $63.44,  whioh  exceeeds  the  payment.  ) 

Interest  from  Sept.  16,  1872  to  March  1, 1878 117  20 

Amount  $3748  09 

Less  the  sum  of  the  2nd  and  3rd  payments  650  00 


Remainder  for  anew  principal  $3198  09 

Interest  from  March  1, 1873  to  Jan.  1,  1874    186  47 


Amount  $3384  66 

Less  payment  Jan.  1,  1874 1000  00 


Remainder  for  a  new  principal   $2384  66 

Interest  from  Jan.  1  to  June  4,  1874 70  94 


Balance  due  June  4,  1874   $2466  60 

f        Examples.  (xctI) 

(1)  $1500. 

Hamilton,  Jan.  1,  1877. 

One  year  after  date,  we  promise  to  pay  S.  White,  or 
order,  fifteen  hundred  doUars,  with  interest.  Value 
received. 

Geobgs  Bbown  &  Oo, 

The  following  payments  were  made  on  this  note : 
March  16,  1877,  $100 ;  June  18,  1877,  $400 :  Sept. 
1,  1877,  $200. 
What  was  due  Jan.  1,  1878,  interest  at  6  per  cent  ? 

(2)  $3600. 

Belleville,  March  16,  1876. 
For  value  received*  w«  jointly  and  severally  promise 
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to  pay  Wm.  Smith,  or  order,  three  thousand  five  hun- 
dred dollars,  with  interest. 

Jamks  Jonxs  k  Oo. 

Endorsed  as  follows : 

June  1,  1876,  $800;  Sept.  1,  1876,  $100;  Jan.  1, 
1877,  $1560;  March  1,  1877,  $800. 

What  was  due  May  16,  1877,  interest  at  6  per  cent.  ? 

(8)     $1200. 

Toronto,  Oct.  15,  1859. 

One  year  from  date  we  promise  to  pay  James  Smith, 
or  order,  twelve  hundred  dollars,  for  value  received, 
with  interest. 

WiLDKB  &  Son. 

Endorsed  as  follows : 

Oct.  15,  1860,  $1000;  April  15,  1861,  $200. 

How  much  remained  due  Oct.  15,  1861,  interest  at  6 
per  cent.  ? 

XXII.   Compound  Interest. 

178.  Compound  Interest  is  that  which  is  paid,  not 
only  for  the  use  of  the  original  sum  lent,  but  also  for 
use  of  the  interest  as  it  becomes  due. 

The  interest  on  $500  for  1  year  at  4  per  cent,  is  $20. 

If  then  $600  be  lent  at  Compound  Interest  for  2 
years  at  4  per  cent.,  the  Interest  for  the  Jirst  year  is 
$20. 

Now,  as  the  borrower  has  to  pay  for  the  use  of  this 
$20,  the  Interest  for  the  second  year  must  be  calculated 
on  $520. 

Hence  Interest  for  Becond  year  =  »*^^^*  =  $20.80. 

"  100 

To  put  the  matter  in  a  more  simple  way,  we  have 
supposed  the  borrower  to  retain  the  interest  due  at  the 
end  of  the  first  year,  but  the  reasoning  wiH  be  the  same 
if  we  suppose  the  lender  to  receive  the  interest  at  the  end 
of  the  first  year,  and  to  put  it  out  immediately  at  the 
same  rate  of  interest. 

179.  We  may  calculate  Compound  Interest  by  the 
following  mto : 
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Find  the  interest  for  tJie  fi/rsi  year  :  add  it  to  thd 
original  principal :  call  the  result  the  Second  Principal : 
find  the  interest  on  this  for  the  second  year  :  add  it  to  the 
seamd  principal:  call  the  result  the  Third  Principal i 
find  the  interest  on  this  for  the  third  year,  and  so  on. 

Ex.  (1).  Find  the  Compound  Interest  on  $7500  for 
8  years  at  4  per  cent. 

♦7600  is  the  Principal  for  the  first  year. 
.<74 


$800.00 
The  interest  for  the  jvrst  yeaj*  is  $300. 
Add  this  to  the  Original  Principal,  $7500. 
Then  $7800  is  the  Principal  for  the  second  jeat, 

'04 


$312.00 
The  interest  for  the  second  year  is  1812. 
Add  this  to  the  Second  year's  principal,  $7800. 
Then  18112  is  the  Principal  for  the  third  year. 

.o4 


♦824.48 
The  interest  for  the  third  year  is  $324.48. 
.'.  Compound  interest  required  is 

♦300+$312+$324.48=  $936.48. 
K  the  A  mount  at  Componnd  Interest  be  required,  add 
the  original  Principal,  $7500,  to  the  Compound  Inter- 
est, $986.48. 

Then  Amount  required  =$8486.48. 
Ex.  (2).     What  is  the  compound  interest  of  $250  foi 
2  years,  at  7  per  cent.  ? 

♦250         Principal  for  Ist  year. 
♦260X0.07  =      17.60     Interest  for  the  1st  year. 

267.50    Principal  for  2nd  year. 
♦267.60x0.07  =      18.725  Interest  for  the  2d  year. 

286.225  Amount  at  Com.Int.for  Syri, 
First  Principal    250.00 

♦86.226  Com.  Int.  for  S  yean. 
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Examples,    (xorii) 
Find  the  Oompoimd  Interest  on 

(1)  $875  for  8  years  at  5  per  cent. 

(2)  $564  for  4  years  at  7  per  cent. 

(8)  11164.87  for  4  years  at  6  per  cent 
(4)  1740  for  5  years  at  7  per  cent. 

Note  I. — When  the  Compound  Interest  is  required 
for  8i  years,  it  is  usual  to  find  the  compound  interest 
for  the  whole  of  the  fourth  year,  and  take  half  the 
result  as  the  compound  interest  for  the  half  year.  This 
really  implies  that  the  interest  is  paid  half-yearly,  but 
the  approximation  does  not  differ  much  from  the  exact 
truth. 

180.  The  process  for  finding  the  Amount  of  a  sum  at 
Compound  Int*^rest  may  be  presented  in  a  very  brief 
and  neat  form  as  follows : — 

If  the  rate  of  interest  be  4  per  cent., 

Amount  of  $100  at  the  end  of  1  year  is  $104, 
of  $1  at  the  end  of  1  year  ih  {U  of  $1. 

Hence  it  follows  that 

Amount  of  any  stun  at  4  per  cent,  in  1  year  =  iff  of  that 
gum. 

Again, 

Amount  for  second  year  =  i§t  of  amount  for  the  first  year; 
.*.  Amount  of  any  sum  at  4  per  cent,  in  2  years 
=  ill  of  T«l  of  that  sum. 
Suppose,  then,  we  have  to  find  the  amount  of  $540 
in  8  years  at  4  per  cent,  compound  interest. 

The  amount  is  j^f  of  i^f  of  {$}  of  $540 
=  eo40x(1.04)» 
=  $607,426. 
From  the  above  example  it  will  be  noticed  that  the 
amount  of  $1  for  a  year  at  4  per  cent,  is  raised  to  the 
power  indicated  by  the  number  of  years  for  which  com- 
pound interest  is  to  be  calculated.    Hence  we  have  the 
following  rule: — 

To  find  the  sum  to  which  cmy  principal  will  amount  t/ 
put  out  to  Compound  Interest  at  a  given  rat0  in  a  ^hen 
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nmmher  o/yean^  find  the  amoimt  of  $1  for  a  year  at  tAe 
given  rate,  raise  that  sum  to  the  power  which  ie  denoted  by 
the  giifen  number  of  yean,  and  multiply  the  result  by  the 
number  of  dollars  in  the  given  principal, 

Ex.  (1).  Find  the  amount  of  $850  in  three  years  at 
6  per  cent,  compound  interest. 

The  Amonnt  =  $850  X  (l-06)« 
=  $850  X  1-191016 
=  $1012-863.       . 
fSbe  Compound  Interest  =  $1012-36 -$860 
=  $162.86. 

Note  IH. — When  the  number  of  years  is  large  the 
student  is  recommended  to  employ  the  contracted 
me^od  of  multiplication,  explained  in  Art.  111. 

Interest  may  be  payable  either  yearly,  half-yearly,  or 
quarterly,  or  at  some  other  stated  period. 

In  finding  the  Compound  Interest  on  $2000  in  two 
years,  when  the  interest  is  payable  half-yearly,  at  6  per 
e-ant.,  we  reason  thus  : 

6  per  cent,  for  a  year  =  2^  per  cent,  half-yearly,  2  years 
=  4  half-years. 

Hence  we  have  to  find  the  Compound  Interest  od 
$2000, /or /owr  times  of  payment,  at  2^  per  cent. 
The  Amount  =  $2000  X  (1-025)* 
=  $2000  X  1-1088127 
=  $2207-625. 
The  Interest  =  $2207-625 -$2000 
=  $207-625. 

Ex.  (2).  What  Principal  will  amount  to  $1012*863 
'n.  3  years  at  6  per  cent  ? 

Principal  X  (l-06)»  =  $1012-868 
•  •  Pnnoipal  =  $-71:5^77- 
=   $850. 
Examples    (xcviii) 

(1)  What  is  the  Compound  Interest  on  $1000  for  2  years, 
at  6  per  cent.,  payable  half-yearly  ? 

(2)  What  is  the  amount  of  $200  for  8  years,  at  6  per  cent., 
payable  half-yearly.  n. 

v8)  Find  the  Compound  Interest  on  $675.75  for  8^  yearfc^/^^^ 
l^t  0  per  cent,  per  annxu^;^  -^ 
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(4)  A  money  dealer  borrowed  ft  1000  for  2  years,  at  6  }  at 
cent,  interest ;  and  loaned  the  same  in  such  a  manner  as  to 
Componnd  the  Interest  every  6  months.  What  pro^t  did 
he  make  in  2  years  by  this  proceeding  ? 

(6)  Find  the  difference  in  Compound  Interest  on  J06OOO 
for  2  years  at  4  per  cent.,  according  as  it  is  reckoned  yearly 
or  half-yearly. 

(6)  What  is  the  difference  between  the  Compound  Interest 
on  $40000  for  4  years,  and  on  $80000  for  2  years,  the  rate  in 
both  oases  being  6.per  cent.  ? 

(7)  A  and.  B  lend  each  $248  for  3  years  at  8]^  per  e^i'i, 
one  at  Simple,  the  other  at  Compound  Interest ;  find  the 
difference  of  the  amount  of  interest  which  they  respectiTely 
receive. 

(8)  What  sum  at  four  per  cent.  Compound  Interest  wifit 
amount  in  2^  years  to  $16989-7728. 

(9)  What  sum  will  amount  to  $27788  in  8  years  at  6  ptr 
cent.  Compound  Interest. 

XXIII.    Present  Worth  and  Discount 

181.  Suppose  A  owes  B  $105,  to  be  paid  at  the  ;5lid 
of  a  year.  If  4  be  disposed  to  pay  off  the  debt  at  once 
the  sum  which  he  ought  to  pay  should  be  such  that,  if 
put  out  at  interest  by  B,  it  will  amount  at  the  end  of  a 
year  to  $106.  Suppose  further  that  B  can  put  out  lis 
money  at  5  per  cent,  interest :  then  if  he  put  out  $100 
at  interest,  this  is  the  sum  which  will  amount  at  the 
end  of  a  year  to  $105. 

Hence  $100  is  the  sum,  which  A  ought  to  pay  at 
once,  and  this  is  called  the  Present  Worth  of  the  debt, 
and  is  evidently  such  a  sum  as  would,  if  put  out  to  m- 
terest  for  the  given  time  and  rate,  amount  to  the  d!o«h. 
The  difference  between  the  Debt  and  the  Present  Wortl*, 
which  is  in  the  case  under  consideration  $5,  is  called 
the  Discount. 

Discount  is  therefore  the  abatement  made  when  a 
sum  of  money  is  paid  before  it  is  due  and  is  equal  to 
the  interest  on  the  Present  Worth  of  the  Debt. 

Ex.  (1).  Thus,  to 'find  the  Praser.t  Worth  of 
$1781.40,  due  4  jevcB  henoe,  rec^vming  interest  at  S 
per  centf 
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The  interest  oa  $100  for  4  years  at  5  1)CY  cent,  is  $*20, 
.*.  $120  has  for  its  Present  Wortli  §100 ; 
.'.  §1      lias  /"jrits  present  Wortli  ^t'jo  5 
.-.  §1781.40  1ms  for  its  present  worth  $ '-  W^,-'---- 
=  $1484.50. 
,*.   Present  Woriii  required  is  $! 484.50. 

Ex.   (2).  Fiud  the  Discount  on  $1781.40,  (1i;g  4  years 
aencc,  rcckouiug  interest  at  5  per  cent 

'^be.'^'-esenL  Worth  is  $1484.50,  as  we  have  just  slicvvn  , 
tlie  (hscoiuu  =  $1781.40  -$1484.50 
=  $296.90 

rTIien  the  Discount  alone  is  required  to  ^e  found  the 
following  IS  the  solution  : 

TV-Vj  Interest  on  $100  for  4  3'ears  at  6  per  cent,  is  $20. 
.♦.  $120  has  for  its  Discount  $20  ; 
/.  $1      lias  for  its  Discount  ,\-(j ; 
.-.  $1781.40  has  for  its  Discount  $^-^-\  ^_^}^^^^ 
*       =  $296.90 

Ex.  (3).  VvHiat  was  the  debt  of  which  the  disccunt 
for  8  mouths  at  9  per  cent,  was  $44.46  ? 

The  --it^rest  on  $100  for  8  months  at  9  X)er  cent,  is  SG. 
.*.  $>6  is  the  discount  on  $106 
.-.  $1  is  the  discount  on  $-^g^ 
,-.  $44.46  is  the  discount  on  $*-114A?U_o.6 

6 

$785.46. 

^-x    (4).  Tlie  int'^rcst  on  a  certain  sum  of  money 
^'T-o  v\o,:s  is  ^^jQ,  aiid  the  di^^count  for  the  sam 
and  rate  is  §45.     Fmd  the  sum  and  the  rate  pe 
•per  annum. 

Since  $50  is  the  interest  on  a  sum  of  money  wnicb  si^; 
=  (its  Present  Worth  -*  its  Discount 
'  =  (its  Pre.Kent  Worth  -►-  $45, » 
and  $45  is  th.e  interesi  en  its  Present  WortJ        ^ 
.'.  $5  IS  the  interest  on  $45 
,*.  $1  IS  tn*-  i-iterest  on  §V  ,' 


ney  foi\ 
le  time  1 
r  cjiit   / 
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.-.  $50  is  the  interest  on  $^ll±^  or  845a. 

5 

.*.  $450  is  tlie  sum  required. 
Again,  the  interest  on  ^45  for  2  years  is  $5. 
.*.  the  interest  on  845  for  1  year  is  | ; 


.*.  the  interest  on  $1    for  1  year  is  ^'^~;7^  J 
.•    the  interest  on  SlOO  for  1  year  $— -— 
=  S5|.  *'  ""  ' 

.*.  the  rate  is  5f  per  cent. 
Note  I. — From  the  ahove  it  will  be  seen  that  the  Dis- 
connt  on  any  sum  is  the  Present  Worth  of  the  interest 
of  that  sum  for  the  same  time  and  rate :  thus  $45  is 
the  Present  Worth  of  $50  for  two  years  at  a  certain 
rate  per  cent. 

Ex.  (5).  If  $20  be  allowed  off  a  bill  of  $420  dua  in 
6  months,  how  much  shall  be  allowed  off  the  same  biJ" 
due  in  12  months? 

$20  is  the  discount  off  $420  for  6  months ; 

.-.  $20  is  the  interest  on  $^00  for  6  months ; 

.-.  $40  is  the  interest  on  $400  for  12  months ; 

.-.  $40  is  the  discount  off  $440  for  12  months ; 

.*•  $  Air  is  the  discount  off  $1  for  12  months  ; 


.42  0X40 


is  the  discount  off  $420  for  12  montiis. 


Now  $i%12  =  $38A. 

.*.  the  Discount  required  is  $38yY. 

Note  II. — The  student  will  observe  that  the  Discount 
is  not  proportional  to  either  the  time  or  the  rate. 

Ex.  (6).  If  $15  be  the  Interest  on  $115  for  a  given 
time,  what  should  be  the  Discount  off  $115  fo;.  vne 
same  time  : 

$15  is  the  interest  on  $115 ; 

,\  $15  is  the  discount  off  $130; 

•••  $i¥o  is  the  discount  off  $1 ; 

...  $^-^^^  is  the  discount  off  $116. 

Now%;-^=i3,^,. 


%  the  Discount  reguired  is  $13/ig\ 
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Ex.  (7).  If  $10  be  allowed  off  a  bill  of  $110  due  8 
months  hence,  what  should  be  the  bill  from  which  the 
same  sum  is  allowed  as  4  months  discount: 

|10  is  the  disconnt  off  $110  for  8  months  ; 
/.  $10  is  the  interest  on  $100  for  8  months  ; 
.*.  $10  is  the  interest  on  $200  for  4  months  ; 
.-.  $10  is  the  discount  off  $210  for  4  months ; 
.*.  the  sum  required  is  $210. 

Ex.  (8).  Find  the  present  worth  of  $842.70  for  two 
years  at  6  per  cent.  Compound  Interest. 

The  compound  interest  on  $100  for  2  years  at  6  per  cent, 
is  $12.86. 

.-.  $112.86  has  for  its  present  worth  $100  ; 
.'.  $1  has  for  its  present  worth  ^jyl^a  ; 

.-.  $842.70  has  for  its  present  worth  $il.^Ll|^loi. 

=  $750. 
.*.  Present  worth  required  =  $760. 

Examples-    (xcix) 
Find  the  Present  Worth  of 

(1)  $5520,  due  4  years  hence,  at  5  per  cent. 

(2)  $84.70,  due  2^  years  hence,  at  9  per  cent. 

(3)  $615,  due  1  year  4  months  hence,  at  7  per  cent. 

(4)  $1120,  due  16  months  hence,  at  6  per  cent. 

(5)  £618.  2«.  Qd.,  due  8f  years  hence,  at  4  per  cent. 
Find  the  Discount  on 

(6)  $636,  due  in  9  months,  at  8  per  cent. 

(7)  $1884.30,  due  in  ^  years,  at  10  per  cent. 

(8)  $637.50,  due  in  5^  years,  at  6  per  cent. 

(9)  £1165.  16*.  Sd.,  due  in  2^  years,  at  6  per  cent. 

(10)  £252.  19«.  8d.,  due  in  9  months,  at  4^  per  cent. 

X    (11)  Find  the  present  worth   of  $6945.75,  due  8  years 

'  hence,  reckoning  compound  interest  at  5  per  cent. 

J     (12)  Find  the  discount  on  $245.25,  due  1^  years  hence,  at 

"  6i  per  cent,  compound  interest,  payable  quarterly. 

(13)  A  tradesman  accepts  $19-8125  in  payment  of  a   debt 
,i  of  $20it^  due  in  12  months,  in  consideration  of  being  paid 

at  onoe:    What  rate  of  discount  does  he  allow  f 
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(14)  Find  the  present  worth  of  a  bill  for  11127.10  drawll 
'T"Jan.  1  at  4  months,  and  discounted  Feb.  20  at  10  per  cent, 
per  anhum. 

#  (16)  The  discount  on  $276  for  a  certain  time  is  $26  ;  what 
\JL  is  the  discount  on  the  same  sum  (1)  for  twice  that  time,  and 
"    (2)  for  half  the  time  ? 

(16)  A  tradesman  marks  his  goods  with  2  prices,  one  for 
cash  and  the  other  for  credit  of  6   months ;  what  relation 

•^  should  the  two  prices  bear  to  each  other,  allowing  interest 
at  7i  per  cent.?  If  the  credit  price  of  an  article  be  $38.20, 
what  is  the  cash  price  ? 

(17)  If  $98  be  accepted  in  present  payment  of  $128,  due 
some  time  hence,  what  should  be  a  proper  discount  off  a 
biU  of  $128  which  has  only  half  the  time  to  run  ? 

(18)  A  certain  sum  ought  to  have  $20.80  allowed  as  8 
months  interest  on  it ;  but  a  bill  for  the  same  sum  due  in  8 
months  at  the  same  rate,  should  have  $20  only  allowed  oft 
as  discount  in  consideration  of  present  payment.  What  is 
the  sum  and  the  rate  per  cent.  ? 

182.  The  Discount,  of  which  we  have  been  treating, 
is  called  Mathematical  Discount  or  True  Discount,  to 
distinguish  it  from  Practical  Discount,  of  which  there 
are  two  kinds : 

(1)  The  deduction  made  by  a  trader,  when  an  account 
is  paid  to  him  before  the  time  when  he  proposes  to 
demand  payment.  It  is  then  calculated  as  interest  on 
the  account.  Thus  if  a  trader  gives  notice  on  his  bill 
that  he  will  allow  10  per  cent,  discount  for  immediate 
payment,  and  if  the  amount  of  the  bill  be  $25.60,  he 
deducts  $2.66,  and  the  customer  pays  him  $22.95. 

(2)  The  deduction  made  by  a  lender  of  money  from 
the  sum  which  he  proposes  to  lend.  Thus  if  a  borrower 
binds  himself  by  a  biQ  to  pay  $100  a  year  hence,  and  a 
discounter  advances  money  on  the  security  of  this  bill, 
at  the  rate  of  6  per  cent.,  he  gives  to  the  holder  of  the 
biU  $95,  and  takes  the  bill. 

True  Discount  is  the  Interest  on  the  Present  Worth 
of  a  debt.  Practical  Discount  is  the  Interest  on  the 
Debt  itself.  Hence  Practical  Discount  is  greater  than 
True  Discount. 
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183.  Three  days,  called  Days  of  Graces  are  always 
allowed,  after  a  bill  of  exchange,  or  a  promissory  note  is 
ru/niinally  due  before  it  is  legally  due.  Thus  a  bill 
drawn  on  July  6,  for  8  months  would  be  nominally  due 
on  Oct.  5,  but  legally  on  Oct.  8.  Calendar  months  are 
always  reckoned  so  that  a  bill  of  8  months  whether 
di-awn  on  the  28th,  29th,  or  80th  of  Nov.  1876,  would 
be  due  on  the  8rd  of  March  1877.  The  banker  or 
money  lender  who  discounts  a  note  always  charges 
interest  on  the  note  from  the  time  it  is  discounted  till  it 
is  legally  due ;  hence  in  computing  Practical  Discount 
of  this  nature  interest  must  be  calculated  for  3  days 
more  than  the  time  the  note  has  to  run. 

Ex.  (1).  What  would  a  banker  gain  by  discounting  on 
Sept.  21  a  bill  of  $318.16,  dated  July  81,  at  4  months  at  6 
per  cent.  ? 

The  bill  is  legally  due  on  Deo.  8. 

The  number  of  days  from  Sept.  21  to  Deo.  8  is  73. 

The  interest  on  $318.15  for  73  days  at  5  per  cent,  is 
♦3.1816. 

The  Mathematical  discount  is  $8.16. 

.•.  the  banker's  gain  is  $.0315. 

Ex.  (2).  A  merchant  wishes  to  borrow  $96.91  on  a 
bill  made  on  July  6  for  8  months.  What  must  be  the 
face  of  the  bill,  interest  being  reckoned  at  8J  per  cent.  ? 

Time  between  July  6  and  Oct.  8  is  95  days. 

Interest  on  $100  for  95  days  at  8^  per  cent  is  $2|. 

.-.a  note  for  $100  would  produce  $97| ; 

.*.  a  note  for  ^^=^  would  produce  $1 ; 

.-.  a  note  for  $??:?1>^A?^  would  produce  $96.91. 

^^^^901X100^ 
97f 
.*.  the  face  of  the  note  is  $99. 

Examples,    (c) 

(1)  What  is  the  difference  between  the  true  and  th«  banJt 
liacount  of  $960  for  8  mos.  at  7  per  cent.  ? 


1- 
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(2)  A  bill  is  drawn  for  $722.70  on  July  17  at  Is  months, 
and  discounted  on  Aug.  11  at  7i  per  cent.;  how  much  did 
the  holder  receive  ? 

(8)  Find  the  discount  charged  in  discounting  a  bill  for 
$7860  drawn  April  9  at  7  months  and  discounted  June  19th 
at  10  per  cent. 

(4)  For  what  sum  must  a  note  be  drawn  on  July  3,  at  8 
months,  so  that  discounted  immediately  it  may  produce 
$601.69,  money  being  worth  7  per  cent.  ? 

(6)  Find  the  difference  between  the  true  and  bank  dill- 
counts  on  $6666  at  6  per  cent,  for  1  year. 

EXAMINATION  PAPERS, 


(1)  Explain  the  difference  between  Simple  and  Compound 
Interest.  Find  the  Interest  on  $25000  for  three  years  at  4 
per  cent,  supposing  Interest  to  make  Capital  at  the  end  of 
each  year. 

(2)  The  difference  between  the  Compound  and  Simple 
Interest  of  a  certain  sum  of  money  for  8  years  at  4  per 
cent,  is  $3.80.     Find  the  sum. 

(8)  Find  at  what  rate  Simple  Interest  in  two  years  a  sum 
of  money  would  amount  to  the  same  sum  as  at  4  per  cent. 
Compound  Interest. 

(4)  Find  the  Compound  Interest  on  $1000  at  8  per  cent. 
per  annum  for  2  years  and  195  days. 

(6)  A  person  puts  out  to  interest  $8000  at  4  per  cent. ;  he 
spends  annually  $300,  and  adds  the  remainder  of  his  divi- 
dend to  his  stock.    What  is  he  worth  at  the  end  of  6  years  ? 

II. 

(1)  Explain  the  distinction  between  true  discount  and 
bank  discount.  Does  the  creditor  or  the  debtor  gain  by 
computing  the  interest  intead  of  the  discount  ? 

(2)  Find  the  discount  on  $400,  due  one  year  hence,  if 
money  bear  interest  at  6  per  cent,  per  annum.  Calculate 
the  interest  on  this  discount  for  the  same  time,  and  show 
that  it  is  equal  to  the  diil'ereuce  between  the  interest  and  the 
discount  of  $400. 

(8)  If  £10  be  the  interest  on  £110  for  a  given  time,  what 
iiioul4  l?e  the  discount  of  4)1X0  for  the  same  time  ? 
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(4)  What  mnst  be  the  rate  of  interest  in  order  that  the 
discount  on  $10292  payable  at  the  end  of  1  year  78  days 
may  be  $372  ? 

(6)  A  tradesman  who  is  ready  to  allow  5  per  cent,  per 
annum  Compound  Interest,  for  ready  money,  is  asked  to 
give  credit  for  two  years.  If  he  charge  $110.25  in  his  bill, 
what  ought  the  ready  money  price  to  have  been  ? 

III. 

(1)  A  speculator  borrowed  $5000,  which  he  immediately 
invested  in  land.  Six  months  afterwards  he  sold  the  land 
for  $7500,  on  a  credit  of  12  months,  with  interest.  Monej 
being  at  6  per  cent.,  what  is  the  speculator's  profit  at  the 
end  of  12  months,  at  which  time  he  pays  $5000  ? 

(2)  A  merchant  bought  43  cwt.  8  qr.  of  sugar  at  $5.25  per 
owt.,  which  he  immediately  sold  at  $7  per  cwt.,  on  a  credit 
of  90  days,  and  then  had  the  purchaser's  note  for  the  amount 
discounted  in  the  bank,  at  6  per  cent.  What  profit  did  the 
merchant  make? 

(3)  Find  the  present  worth  of  $1000  due  2^  years  hence 
at  5  per  cent,  per  annnm  ;  and  show  that  the  discount  of 
tne  given  sum  is  equal  to  the  interest  of  the  present  worth 
for  the  same  time  and  at  the  same  rate  of  interest  ? 

(4)  A  man  having  lent  $10000  at  6  per  cent,  interest,  pay* 
able  half-yearly,  wishes  to  receive  his  interest  in  equal  por- 
tions monthly,  and  in  advance ;  how  much  ought  he  to 
receive  every  month  ? 

(6)  Show  that  the  interest  on  ^266.  18a.  4d.  for  three 
months,  at  4^  per  cent,  per  annum,  is  equal  to  the  discount 
of  j^3  for  15  mos.  at  8  per  cent,  per  annum. 

IV. 

(1)  How  much  may  be  gained  by  hiring  money  at  5  %  to 
pay  a  debt  of  $6400,  due  in  8  months,  allowing  the  present 
worth  of  this  debt  to  be  reckoned  by  deducting  5  %  per 

ftTinnm  discount? 

(2)  The  difference  between  the  simple  and  compound 
interests  of  a  sum  of  money  for  8  years  at  8  per  cent,  is 
$985.60.     What  is  the  sum  ? 

(3)  The  interest  on  a  certam  sum  of  money  for  two  yecun 
is  J671  16*.  7^d.f  and  the  discount  on  the  same  sum,  for  the 
tame  time,  is  JB63  17«.,  simple  interest  being  reckoned  in 
both  CAMS.     Find  the  rate  per  cent,  per  azmnm,  and  tht 


A 
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(4)  A  offers  $8000  for  a  farm ;  B  offers  fOSOO,  to  be  paid 
at  the  end  of  4  years.  Which  is  now  the  better  offer,  and 
by  how  much,  allowing  6  per  cent,  compound  interest  ? 

(5)  A  person  borrows  money  at  6  per  cent,  per  annum, 
and  pays  the  interest  at  the  end  of  the  year ;  he  lends  it  out 
at  8  per  cent,  per  annum,  payable  quarterly,  and  reoeives 
the  interest  at  the  end  o?  the  year ;  by  this  means  he  gains 
$269-18592  a  year.    How  much  did  he  borrow  ? 

XXTV,    Equation  of  Payments. 

184.  When  several  smns  of  money  are  due  from  A  to 
B^  payable  at  different  times,  it  is  often  required  to  j&nd 
the  time,  called  the  Equated  Time,  at  which  all  may  be 
paid  together,  without  injustice  to  A  or  B, 

When  great  exactness  is  demanded,  interest  must  be 
added  to  the  sums  paid  after  they  are  due,  and  discount 
subtracted  from  the  sums  paid  before  they  are  due. 
But  in  practice  the  following  rule  is  sufficiently  accu- 
rate: 

Multiply  each  debt  by  the  number  of  days  [or  months] 
after  which  it  is  due :  add  the  results  together:  divide  this 
mm  by  the  sum  of  the  debts :  the  quotient  will  be  the  num- 
ber of  days  \or  Tnonths]  in  the  equated  time. 

Take  the  following  Examples: 

Ex.  (1).  If  $300  be  due  from  ^  to  J?  at  the  end  of 
5  months,  and  $700  at  the  end  of  9  months,  when  may 
both  sums  be  paid  in  a  single  payment  without  unfair- 
ness to  -4  or  to  ^  ? 

Number  of  months  in  equated  time  -  ^  ^  ^^^y^^  ^/^°  ^  * 

=   78  00 
10  0  0 

.*.  the  whole  amount  of  the  debt  should  be  paid  at  the  end 
of  7f  months. 

The  principle  on  which  this  solution  depends  is,  that 
the  interest  of  the  money,  the  payment  of  which  is  de- 
layed beyond  the  time  at  which  it  is  due,  is  equal  to  the 
interest  of  that  which  is  to  be  paid  before  it  beconjef 


In  the  above  example  $800  is  kept  2f  months  after 
it  is  due,  and  the  interest  on  it  for  that  time  is  the  same 
as  the  interest  on  $840,  $(800  x  2|),  for  one  month. 

But  $700  is  paid  IJ  months  before  it  is  due,  and  the 
interest  on  it  for  that  time  is  the  same  as  the  interest 
on  $840,  $(700  x  1^^)  for  one  month. 

Ex,  (2).  A  is  indebted  to  ^  in  the  following 
amounts :  $500  due  in  6  months ;  $G00  due  in  "^ 
months  ;  and  $800  due  in  10  months.  Find  the  time 
when  all  these  payments  should  be  made  together. 

500  X  6  -  8000 
600  X  7  =  4200 
800  X  10  -    8000 

1900  1900)16200 


8 

•.  the  equated  time  is  8  months. 

NoTK. — This  method  is  but  a  rough  approximation, 
and  can  only  be  taken  as  eq-iitable  when  the  various 
times  of  payment  are  not  widely  apart.  It  will,  in 
short,  be  appHcable  only  to  cases  which  occur  in  the 
ordinary  course  of  trade,  and  is  therefore  aU  that  we 
require  in  the  present  work. 

It  is  also  to  be  observed  that  the  error  involved  in  this 
method  is  slightly  in  favour  of  the  payer ,  because  interest 
is  calculated  on  the  payments  made  before  they  are  due, 
instead  of  discount,  in  the  algebraical  process,  from 
which  the  method  is  derived.     See  Appendix. 

Examples,    (oi) 
What  is  the  equated  time  of 

(1)  $250  due  4  months  hence,  and  $360  due  10  month* 
hence. 

Find  the  equated  time  of 

(2)  $300  due  3  months  hence,  $400  due  4  monthg  hence, 
and  $600  due  6  months  hence. 

(3)  Of  a  debt  of  $1400,  $100  i*  due  immediately,  $600  at 
&he  end  of  1  month,  $400  at  th«^  eod  of  7  months,  and  tht 
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remainder  at  the  end  of  a  year.    At  what  time  might  ik^ 
whole  debt  fairly  be  paid  in  one  Bnm  ? 

(4)  A  grocer  onght  to  receive  from  a  cnstomer  $50  at  thf 
end  of  2  months,  $80  at  the  end  of  4  months,  and  $20  at  the 
end  of  6^  months.  What  would  be  the  proper  time  for  re- 
ceiving vhe  whole  smn  together  ? 

(6)  A  debt  is  to  be  paid  as  follows :  One-sixth  now,  and 
one-sixth  every  8  months  until  the  whole  is  paid.  When 
might  the  whole  debt  be  paid  at  once  ? 

(6)  If  $460  be  due  in  16  months,  and  $250  be  due  in  13^ 
months  ;  find  the  sum  which  if  paid  now  would  be  equiva- 
lent to  the  whole  debt  at  the  equated  time,  interest  at  4  pei 
cent. 

(7)  There  is  due  to  a  merchant  $800,  one-sixth  of  which 
Is  to  be  paid  in  2  months,  one-third  in  8  months,  and  the 
remainder  in  6  months ;  but  the  debtor  agrees  to  pay  one- 
half  down.  How  long  may  he  retain  the  other  half  so  that 
neither  party  may  sustain  loss  ? 

(8)  A  sold  goods  to  B  at  sundry  times,  and  on  different 
terms  of  credit  as  follows:  Sept.  80,  1868,  $80.75,  on  4 
months  credit;  Nov.  8,  1868,  $150.  on  5  months  credit ;  Jan. 
1,  1869,  $80.80,  on  6  months  credit  March  10, 1869,  $40.g0, 
on  6  months  credit;  April  26,  1869,  $60.30,  on  4  months 
credit ;  how  much  will  balance  the  account  June  2,  1869  ? 

(9)  A  owes  B  on  the  1st  of  March  the  following  sums : 
^140  due  on  20th  of  April,  ^120  due  on  14th  of  May,  ^380 
due  on  15th  of  June.  On  what  day  may  B  pay  these  debts 
together  ? 

(10)  M  buys  goods  of  N^  and  has  6  months'  credit  from 
the  date  of  invoice.  The  goods  are  delivered  on  6  different 
days,  to  the  following  amount :  iglOl.  14«.  lOd.  on  Aug.  8, 
£144.  25.  lOd.  on  Sept.  5,  ^303.  18a.  lOd.  on  Sept.  18,  ^767. 
0«.  8c?.  on  Nov.  13,  ^123.  Il5.  6d,  on  Nov.  28,  ^128.  lis.  6d, 
on  Dec.  5.  On  the  13th  January,  JV,  who  desires  to  receive 
all  the  debts  in  one  payment,  reckons  that  this  payment 
should  be  made  in  100  days.  Show  that  this  is  approximately 
correct. 

EQUA2I0N  OF  ACCOUNTS 

185.  Equation  op  Accounts  (also  called  "Averaging 
of  Aoconnts  "  and  **  Componnd  Equation  of  Payments  ") 
is  the  process  of  finding  at  what  time  the  balance  of  an 
accQtmt  can  b«  paid  witiiout  gain  or  loss  to  either  partyt 
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The  Balance  op  an  Aooount  is  the  difference  between 
the  two  sides  of  it  and  is  what  one  owes  the  other. 

Ex. 

Dr. 


A  in  Acconnt  with  B. 


Or. 


1877. 

1877. 

Jan.    1 

To  Mdee 

$500.00 

Feb.  10 

By  Cash 

$1000,00 

Feb.    4 

it      (< 

600.00 

Mar.  4 

((        t( 

600.00 

Mar.  10 

((             <4 

800.00 

Jan.  1,  600  X  0« 
Feb.  4,  600X34. 
Mar.lO,  800x68= 

1900) 


0 

.20400 
: 54400 

74800(89^ 
6700 


Feb.  10,  1000X00=        0 
Mar.   4,     600x22=13200 


17800 
17100 

700 


1600) 


13200(8i 
12800 

400 


89  days  from  Jan.  1  is  Feb.  9. 18  days  from  Feb.  10  is  Feb.  18. 
Due  Feb.  9 $1900lDue  Feb.  18 $1600 

If  the  acconnt  be  settled  on  Feb.  9  it  is  evident  the 
credits  wonld  have  been  paid  9  days,  or  the  time  from 
Feb.  9  to  Feb.  18,  before  they  are  dne.  This  wonld 
have  been  a  loss  of  interest  to  the  credit  side  and  a  cor- 
responding gain  to  the  debit  side.  Now  as  the  settle- 
ment should  be  one  of  equity  we  find  how  long  it  will 
take  the  balance,  $800,  to  gain  the  same  interest  that 
$1900  would  in  9  days. 

If  $1900  gain  a  certain  interest  in  9  days, 

$1  win  gain  the  same  interest  in  1900X9  days, 
and  $800  will  gain  the  same  interest  in  ^L^PJL?,  ^t  67  days. 

Hence  tlie  balance  became  due  57  days  before  Feb 
19,  or  on  Dec.  24. 

Note. — Fractional  parts  of  a  day  are  not  counted, 
nnless  the  fraction  amounts  to  half  a  day  or  upwards ; 
it  then  counts  another  day. 
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Hence  we  have  the  following  rnle : 

Fvrst  find  the  equated  time  for  each  side  of  the  account 
separately.  Then  multiply  the  amount  due  on  that  side 
which  f%lls  due  first,  hy  the  number  of  days  between  the 
dates  of  the  equated  tim,es,  and  divide  the  product  by  the 
balance  of  the  accownt.  The  quotient  will  be  the  number 
of  days  to  be  counted  forward  from  the  liATEST  datb 
when  the  smaller  side  of  the  account  falls  due  first  ;  and 
BACKWARD  whcn  the  larger  side  falls  due  first, 

Examplee.  (oii) 
(1)  Average  the  foUowing  account : 
Dr.  J.  Hughes  in  account  with  S.  Adams.         Cr. 


1875. 

1875. 

July    4 

To  Balance 

$375.90 

Aug.  10 

By  Cash 

$316.00 

Aug.  20 

"  Mdse. 

815.68 

Sept.  1 

4<             i( 

675.00 

Aug.  29 

«C             (i 

178.25 

Sept  25 

"  Mdse. 

512.26 

Sept  25 

it             C( 

887.20 

Nov.  20 

"  Cash 

161.75 

Deo.    6 

«(       «« 

418.70 

Deo.    1 

t(          n 

100.00 

(2)  When  is  the  balance  of  the  following  account  due  ? 
Dr.  a.  B.  Conron.  Cr. 


1877. 

1877. 

Sep. 12 

To  Mdse.  at  80  days 

$927.80 

Oct.  10 

By  Cash 

$500.00 

Oct.  15 

({        «         go     " 

842.76 

Nov  20 

It       II 

800.00 

Nov  18 

II        ft         go     ** 

212.18 

Nov  80 

(«       II 

250.00 

Deo.  1 

11          44           30      «« 

175.60 

(8)  When  did  the  balance  of  the  following  accounts  be- 
come due,  the  merchandise  items  bemg  on  6  months  ? 

Dr.    J.  Green  in  account  with  Adam  Miller  &  Co.    Cr. 


1876. 

1876. 

March    1 

To  Mdse. 

$720.76 

April    1 

By  Cash 

$700.00 

«      20 

11      (( 

816.30 

May  80 

"  Mdse 

669.89 

April    11 

II      II 

687.80 

July  20 

"  Cash 

600.00 

"      80 

II      i« 

300.00 

Sept.  26 

II      11 

100.00 

June    16 

II      II 

625.26 

"     80 

"  Mdse 

760.20 

July     18 

II      «i 

660.00 

Oct.    80 

«i       II 

829.96 

Aug.     80 

«4           l« 

684.90 

Nov.  20 

««           M 

600.00 

Sepi    26 

«l           M 

865.80 
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XXV.    Averages  and  Percentages. 

186.  The  average  of  two  or  more  groups  of  nnmbers 
is  found  by  adding  the  numbers  together  and  dividing 
the  sum  by  the  number  of  groups. 

Thus  to  find  the  average  of  18,  15,  74,  28,  6,  and  81, 
we  find  the  sum  of  the  numbers  to  be  162,  and  as  the 
number  of  groups  is  6,  the  average  will  be  162 -r  6, 
or  27. 

Note. — Express  any  remainder,  which  may  ooour, 
decimally. 

Examples'    (ciii) 

(1)  Fmd  the  average  of  14,  26,  9,  18,  18,  24,  27,  89. 

(2)  Fmd  the  average  of  1600,  276,  974,  0,  236,  845,  1289. 
(8)  Find  the  average  population  of  three  towns,  consisting 

respectively  of  84729,  46238  and  87296  inhabitants. 

(4)  Find  the  average  of  16^,  86^,  17|,  0, 10|,  74J,  28^, 
and  88. 

(5)  Find  the  average  of  12^^,  21,  7f ,  '034,  8^,  0,  24^  and 
12^. 

PERCENTAGES. 

187.  Business  men  regulate  their  afi'airs  and  calcu- 
late their  profits  and  losses  with  reference  to  100  as  a 
standard,  hence  there  are  other  applications  of  the  term 
Per  Cent,  besides  those  akeady  given. 

When  we  speak  of  an  agent  getting  8  per  cent,  as  a 
commission  on  the  management  of  an  estate,  we  mean 
that  from  every  $100  collected  he  deducts  $8  to  remu- 
nerate himself  for  the  trouble  of  collection. 

When  we  read  that  the  population  of  a  town  has 
increased  15  per  cent,  since  the  last  census,  we  mean 
that  if  the  number  of  inhabitants  then  had  been  divided 
into  groups  of  100,  and  the  number  of  inhabitants  iiow 
into  groups  of  115,  the  number  of  groups  would  be  the 
same  in  both  cases. 
Ex.  (1).  How  much  is  8  per  cent,  on  $1479  ? 
Since  1100  yields  $8, 
$1  yields  $y§^ 
^  11479  yields  1^^^  or  $44-87. 
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Ex.  (2).  The  number  of  boys  in  a  school  increases  in 
a  certain  period  from  125  to  180,  what  is  the  increase 
per  cent.  ? 

On  125  the  increase  is  55. 

On  1  the  increase  is  ^-^ 

On  100  the  mcroase  is  ^?^  or  ^^  or  44 ; 

12  5  * 

.'.  the  increase  is  44  per  cent. 

Examples,    (civ) 

(1)  Find  5  per  cent,  of  $"2400  ;  8  per  cent,  of  8476  horses. 

(2)  How  much  per  cent,  is  25  parts  out  of  76  ;  178  out  of 
8900;  ioutofi? 

(3)  The  population  of  London  proper  decreased  83*11 
per  cent,  between  1861  and  1871 ;  in  1861  it  was  113,387 ; 
find  what  it  was  in  1871. 

(4)  How  much  per  cent,  is  9d.  in  the  pound  ;  12^  cents  in 
the  dollar  ;  $8  in  every  $20  ? 

(6)  Find  the  number  of  which  21  is  7  per  cent.;  760  is  8} 
per  cent.;  216  is  '005  per  cent. 

COMMISSION  AND  BROKERAGE, 

188.  Commission  is  the  charge  made  by  an  agent  for 
buying  or  selling  goods,  and  is  generally  a  percentage 
on  the  money  engaged  in  the  transaction. 

Brokebage  is  the  charge  made  by  a  broker  for  buying 
or  selling  stocks,  bills  of  exchange,  &c. 

In  computing  Commission  care  must  be  taken  to  cal- 
culate it  on  the  money  actually  employed  in  the  busi- 
ness. 

Ex.  (1).  My  agent  has  purchased  wheat,  on  my 
account,  to  the  amount  of  1 187  68.  What  is  his  com- 
mission at  If  per  cent.  ? 

The  oomnaission  on  $100  is      91.76  ; 

«i     is  ^■u* 

$18768  is  «liLll>ililA. 

=  1328.44  Com.  required. 

Hence  the  following  rule  may  be  used  : 
Multiply  the  given  mm  by  the  rate  per  eeni,  and  divide 
the  product  by  100,  and  the  reswi  %9  the  Commimon  or 
Brokers^, 
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Bx.  (2).  I  send  my  agent  $1827  with  mstmctions  to 
deduct  his  commission  at  li  per  cent.,  and  invest  the 
balance  in  silk,  how  much  did  he  invest  ? 

Since  the  Commission  on  $100  is  $1.50, 
out  of  $101.50  he  can  invest  $100. 

••     $1827  "  $:^»«^'*^o* 


101.40 

>=  $1800,  sum  required 

If  in  the  above  question  the  Commission  is  required, 
we  reason  as  follows : 

On  $101.50  the  Commission  is  $1.50. 

II    $X827         **  *•  |185>tX1.50 

=$27 
A  The  Commission  required  is  $27. 

Examples*  («▼) 

Find  the  Commission  on 

(1)  $7600  at  If  per  cent.    (2)  $5600  at  12^  per  cent 
Find  the  Brokerage  on 

(3)  $2364  at  i  per  cent.     (4)  $375  at  .6  per  cent 
(6)  An  agent  collected  rents  to  the  amount  of  $678  and 
his  Brokerage  amounted  to  $26.01 ;  what  was  the  rate? 

(6)  Sent  $8377  to  my  agent  to  invest  after  deducting  hie 
Commission  at  2|  per  cent ;  what  was  his  Commission  ? 

(7)  What  is  the  ready  money  payment  of  an  account 
amounting  to  $7680,  allowing  a  discount  of  2^  per  cent. 

(8)  A  receives  a  consignment  of  wheat  from  B.     He 
sell  it  on  a  commission  of  2  per  cent.,  and  invest  the 
ceeds  in  silk,  after  deducting  his  commission  on  this 
transaction  at  4  per  cent.     A's  total  commission  was  $600. 
What  sum  did  he  invest  ? 

(9)  What  amount  of  money  was  invested,  when  th# 
broker's  charges  at  1^  per  cent  amounted  to  $576. 

(10)  Gave  $20050  to  a  broker  to  invest,  with  instruction, 
after  deducting  his  brokerage  at  ^  per  cent.,  to  invest  the 
balance  in  Government  bonds.  What  will  be  the  sun  in- 
Tested,  and  how  mnoh  will  be  the  brokerage  ? 


ount  y 

'     / 

IS  to  / 
prow/ 
new  ▼ 
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INSURANCE, 

189.  iNSURANoit  is  security  guaranteed  by  one  party, 
on  being  paid  a  certain  sum,  to  another  against  any  loss. 

The  Premium  is  the  sum  paid  for  Insurance.  It  is 
always  a  certain  per  cent,  of  the  sum  insured. 

The  PoiiicT  is  the  written  contract  of  Insurance. 

Note. — As  the  Premium  is  always  so  much  per  cent,  of  the 
mm  insured  it  is  found  by  the  same  rule  as  Commission. 

What  sum  should  be  insured  at  4  per  cent.,  on  goods 
worth  $2940,  that  the  owner  may  receive,  in  case  ol 
loss,  the  value  both  of  goods  and  premium  ? 
Since  the  premium  on  $100  at  4  per  cent,  is  $4, 
♦96  worth  of  goods  would  be  covered  by  $100 ; 

.-.  n        "  "  $W; 

.-.$2940      -  -  »^^^f|^ 

=  18062.60,  sum  re- 
quired. 

Examples-    («^) 

(1)  What  will  be  the  premium  of  insurance  on  the  furniture 
of  a  house  valued  at  $2600  at  J  per  cent.  ? 

(2)  What  is  the  premium  for  insuring  a  cargo,  valued  at 
#21360,  at  8i  per  cent.  ? 

(3)  For  what  sum  should  goods  worth  ^£4384.  0«.  Sd.  be 
insured  at  2^^  per  cent,  that  the  owner  may  recover,  in  case 
of  loss,  the  value  of  both  goods  and  premium  ? 

(4)  A  person  at  the  age  of  40  insures  his  life  in  each  of 
two  offices  for  $5600,  the  premiums  being  at  the  rate  of  8f 
and  8f  per  cent.,  respectively.    Find  his  annual  payment. 

(6)  What  sum  must  be  paid  to  insure  a  cargo  worth 
$26400,  the  premium  being  1^%,  pohcy  duty  J  percent.,  and 
brokerage  |  per  cent.  ? 

(6)  A  trader  gets  600  barrels  of  flour  insured  for  76  per 
cenl^.  of  its  cost  at  2]f  per  cent.,  paying  $80.85  premium ;  at 
what  price  per  barrel  did  he  purchase  the  flour  ? 

(7)  A  company  took  a  risk  at  2^  per  cent.,  and  re-Insured 
f  of  it  in  another  company  at  8  per  cent.  The  premium 
received  exceeded  that  paid  by  $10.  What  was  the  amount 
of  the  risk  ? 

(8)  A  shipment  of  apples  was  insured  at  2|  per  cent,  to 
cover  f  of  its  value.  The  preznium  was  $71«26  \  what  werf 
the  applfiis  worth  f 
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TAXES. 

190.  A  TAX  is  a  snm  of  money  assessed  on  a  person 
in  proportion  to  the  value  of  his  property,  amount  of 
income,  &c.,  for  public  purposes. 

In  order  to  levy  a  tax  persons,  called  assessors,  are 
first  employed  to  ascertain  or  appraise  the  value  of  all 
the  property  taxed.  When  this  has  been  done  the  sum 
to  be  levied  is  apportioned  amongst  the  property  own- 
ers according  to  tiie  value  of  the  property  of  each. 

Ex.    A  certain  town  has   property  valxied  at   $1,- 
560,000  and  levies  a  tax  of  $23400;  what  should  B 
pay  whose  property  is  valued  at  $7600  ? 
Smce  $1560000  pays  $28400; 

.-.  llpaysexIM^; 
...$7500  pays  «TAaj^^±o« 

«B  $112.50,  tax  required. 

Examples.    (oTii) 

(1)  In  a  school  saotion  containing  property  valued  ai 
J 100000  a  tax  has  to  be  levied  to  pay  the  teacher's  salary  of 
♦800,  and  $260  which  had  been  expended  in  purchasing 
maps,  (fee.  Find  A^$  tax,  who  owns  property,  real  and  per- 
sonal, worth  $6400. 

(2)  A  man  who  owns  $8500  worth  of  property  pays  a  tax 
of  $144.60  ;  find  the  rate  on  the  doliar. 

^8)  If  the  property  of  Toronto  be  valued  at  $75000000, 
and  Bf  who  pays  tax  on  $80000  worth  of  property,  pay 
$1400,  find  the  total  tax  levied  in  Toronto. 

(4)  In  a  certain  section  a  schoolhouse  is  to  be  built  at  an 
expense  of  $8400,  to  be  defrayed  by  a  tax  upon  property 
valued  at  $700000.  What  is  the  rate  of  taxation  to  cover 
both  the  cost  of  the  schoolhouse  and  the  collector's  oozumis- 
SLon  at  4  per  cent.? 

DUTIES  OR  CUSTOMS, 

191.  Duties  or  Customs  are  sums  of  moaey  required 
by  government  to  be  paid  on  nearly  all  ijuj^orted  goods. 

The  law  requires  that  all  goods  entering  Canada  shall 
be  landed  at  certain  places  where  Custom  Houses  are 
established.    These  places  are  called  Pofeio  oy  Entby, 
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Duties  are  of  two  kinds,  ad  valorem  and  specific. 

An  Ad  Valorem  duty  is  a  certain  percentage  on  the 
cost  of  the  goods  in  the  country  from  which  they  are 
imported. 

A  Spboipio  duty  is  a  sum  computed  on  the  ton,  yard, 
gallon,  &c.,  without  regard  to  the  value  of  the  goods. 

Note. — As  ad  valorem  duties  are  percentages  they  are 
computed  in  the  same  manner  as  Commission  &c. 

Ex.  Find  the   specific  duty    on    760    lbs.    of  Sul 
phuric  Acid  at  ^  cent  per  lb. 
Duty  on  1  lb.  is  ^  cent. 

"  760  lbs.  is  ^  J«  cents=$3.80,  duty  required. 

Examples,    (oviii) 

(1)  What  is  the  duty  on  7636  lbs.  of  tea,  valued  at  18600 
at  6  cents  per  lb.  ? 

(2)  Find  the  ad  valorem  duty  on  an  invoice  of  books 
which  cost  $1760  at  5  per  cent. 

(3)  Fmd  the  specific  duty  on  760  gallons  of  wine  worth 
$2150  at  60  cents  per  gallon. 

(4)  Find  the  duty  on  8400  lbs.  of  sugar  worth  7^  cents  per 
lb. ;  the  specific  duty  being  \  cent  per  lb.  and  the  ad  valorem 
duty  25  per  cent. 

(5)  Paid  $1662.50  duty  on  an  invoice  of  cotton  at  the  rate 
of  n\  per  cent. ;  what  was  the  value  of  the  cotton  ? 

STOBAQE. 

192.  Storage  is  a  charge  made  by  a  person  who 
stores  movable  property  or  goods  for  another.  It  is 
usually  reckoned  by  the  month  of  80  days  at  a  certain 
price  per  bushel,  cask,  box,  bale,  &c. 

The  owners  of  the  goods  pay  for  putting  the  goods  in 
store,  stowing  away,  and  the  expenses  of  deHvery. 

When  goods  are  received  and  dehvered  at  the  pleasure 
of  the  consignor,  the  dues  for  storage  are  usu^y  deter- 
mined by  an  average. 

Ex.  What  is  the  cost  of  storage,  at  lo.  per 
bushel  per  month,  ol  wheat  received  so^d  deliyored  «8 
per  following: 
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Aeeount  cloted  October  Snd,  1877, 


AooouNT  OP  Storage  op  Wheat,  received  and  dblivebbi 

FOR  Account  of  John  Jones,  Toronto. 

Oatb. 

Be- 

ceived. 

DeU- 
vored. 

Bal-    DayB 
anoe. 

Frodaots. 

1877. 
Jnly    

16 
21 
10 
15 
20 
6 
10 
16 

200 

200 

50 

400 

100 

600 

60 

0 

200 

800 

100 

9 
5 
5 

20 
6 
6 
0 
6 
6 

17 

1800 

t( 

150 

250 

i( 

850 

2000 

i« 

800 

2000 

August  

400 

2600 

« 

450 
60 

250 

(t 

000 

SeDtember  

200 
100 

1000 

t( 

1600 

<i 

200 

1700 

Bal.  on  hand  Oct.  2. 

1250 

1150 
100 

80)18000 

488^ 

1250 

1250 

433i  X  let.  =$4.38^. 
The  storage  of  200  bu.  for  9  days  +  50  for  6  days,  -f-  400 
bu.  for  6  days,  -f  100  bus.  for  20  days,  +  500  bus.  for  6 
days,  +  50  bus.  for  6  days,  -|-  200  bus.  for  6  days,  +  800 
bu.  for  6  days,  +  100  hu.  for  17  days,  is  ^he  same  as  the 
storage  of  18000  for  1  day,  or  of  433^  bu.  for  a  month  of  80 
days.    The  storage  of  483^  bu.  at  Ic.  per  bushel  is  04. 83^. 

Examination  Papers, 
I. 

(1)  If  a  grocer's  pound  weight  is  10  drams  too  lightt 
find  his  gain  per  cent,  from  this  source  alone. 

(8)  If  a  debt  after  a  deduction  of  5  per  cent,  becomes  $228, 
what  should  it  have  become  if  a  deduction  of  6^  per  cent, 
had  been  made  ? 

(8)  Find  the  value  of  the  goods  imported  when  an  ad 
valorem  duty  of  17i  per  cent,  produces  $637. 

(4)  The  population  of  a  city  has  increased  by  5976  persona 
between  1860  and  1870 ;  this  increase  is  12i  per  cent,  of  the 
population  of  1870.    What  was  the  population  in  1860  ? 

(6)  In  1860  the  population  of  a  town  was  7600  ;  in  X870 
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ft  was  found  to  be  9196.  If  the  increase  per  eent.  dnring 
the  first  decade  was  the  same  as  during  the  last,  what  was 
this  per  cent,  f 

II. 

(1)  A,  after  paying  ar  income  tax  of  1^  per  cent,  on  all 
his  salary  over  $400,  has  <|1789.60  left.    Find  his  salary. 

(2)  A  town  has  levied  a  tax  of  $7340,  which  sum  includes 
the  amount  voted  for  building  a  bridge  and  the  collector's 
fees,  at  8  per  cent.     What  was  expended  on  the  bridge  ? 

(8)  The  average  of  ten  results  was  17.5 ;  that  of  the  first 
three  was  16-26,  and  of  the  next  four  16*6  ;  the  eighth  was  8 
less  than  the  ninth,  and  4  less  than  the  tenth.  What  wab 
the  tenth  ? 

(4)  The  gross  receipts  of  a  railway  company  in  a  certain 
year  are  apportioned  thus  :  40  pei  cent.,  to  pay  the  working 
expenses,  64  per  cent,  to  give  the  shareholders  a  dividend  at 
the  rate  of  8^  per  cent,  on  their  shares  ;  and  the  remainder, 
$42626,  is  reserved.  What  was  the  paid  up  capital  of  the 
company  ? 

(6)  A  can  do  5  per  cent,  of  a  piece  of  work  in  8  days  of 
10  hours  each ;  B  can  do  7^  per  cent,  of  it  in  5  days  of  8 
hours  each.  If  both  men  work  together  and  the  whole  work 
be  worth  $86  ,  what  does  each  get  ? 

III. 

(1)  A  cargo  is  valued  at  $7905.45  ;  the  premium  of  insur- 
ance is  at  the  rate  of  6^  per  cent.,  policy  duty  at  ^  per  cent., 
and  commission  at  -^  per  cent ;  what  sum  must  be  insured 
to  cover  the  cargo  and  the  expenses  of  insurance  ? 

(2)  Eeceived,  and  delivered,  on  account  of  James  Smith, 
sundry  bales  of  cotton,  as  follows:  Received  Jan.  1,  1877, 
2310  bales;  Jan.  13,  120 bales  ;  Feb.  1,  300  bales;  Delivered 
Feb.  22,  1000  bales ;  March  1,  600  bales ;  April  8,  400  ? 
April  10,  812  bales.  Required  the  number  of  bales  remain- 
ing in  store  May  1,  and  the  cost  of  storage  up  to  that  date, 
at  the  rate  of  6  cents  a  bale  per  month. 

(8)  If  the  increase  in  the  number  of  male  and  female 
criminals  is  2^  per  cent.,  while  the  decrease  in  the  number 
of  mtries  aloue  is  7^  per  cent.,  and  the  increase  in  the  num- 
ber lemales  is  10^  per  cent.;  compare  the  antecedent  num- 
bers cf  male  and  feniale  prisoners. 

(4)  A  person  takes  a  railway  return-ticket  for  %  month, 
pmyinf^  25  per  •ent.  more  for  it  than  he  would  have  done  for 
fc  m^l^  H^Mf    At  the  end  of  th»  mouth  he  cbt&ins  an  ex- 


BZAMD^ATION   PAPKSS. 


id» 


tension  of  time  for  a  week  by  paying  5  per  cent,  on  the 
monthly  ticket.  The  whole  sum  paid  is  $10.60;  find  the 
price  of  the  single  ticket. 

(6)  The  paper  duty  was  l^d.  per  lb.,  and  the  weight  of  a 
certain  book  1^  lbs.  The  paper  manufacturerer  realized  10 
per  cent,  on  his  sale,  and  the  publisher  20  per  cent,  on  his 
outlay.  What  reduction  might  be  made  in  the  price  of  the 
book  on  the  abohtion  of  the  paper  duty,  allowing  to  each 
tradesman  the  same  rate  of  profit  as  before  ? 

IV. 

(1)  A  merchant  bonght  87  yards  2  qrs.  of  cloth  at  $4.87i 
per  yard,  and  49  yards  2^  qrs.  of  silk,  at  93f  cents  per  yard. 
For  what  sum  must  the  whole  be  sold  to  make  a  profit  of 
88i  per  cent.  ? 

(2)  A  commission  merchant  is  to  sell  12000  lbs.  of  cotton, 
and  invest  the  proceeds  in  sugar,  retaining  If  on  the  sale, 
and  the  same  on  the  purchase.  Cotton  selling  at  7  cents, 
and  sugar  at  5  cents  per  pound,  what  quantity  of  sugar  can 
the  merchant  buy  ? 

(3)  In  an  examination  of  760  candidates,  '22  on  the  whole 
do  well,  ^34  barely  pass,  and  the  rest  fail ;  how  many  do 
well,  barely  pass,  and  fail,  respectively  ? 

(4)  Sold  grain  on  commission  at  6  per  cent. ;  invested  net 
proceeds  in  groceries  at  2  per  cent,  commission.  My  whole 
commission  was  $70.  What  was  the  value  of  the  grain  and 
groceries  ? 

(6)  A  commission  merchant  receives  125  bbls.  of  flour 
from  -4,  150  bbls.  firom  jB,  225  bbls.  from  0;  he  finds  on 
inspection  that  A.'s  is  10  per  cent,  better  than  jB.'»,  and  C.*» 
6 A  V^^  cent,  better  than  A.'s;  he  sells  the  whole  lot  at  $7 
per  barrel,  and  charges  4  per  cent,  commission.  How  mueh 
does  he  remit  to  each  ? 


(1)  A  broker  charges  me  1^  per  cent,  commission  for  pur- 
ihasing  some  uncurrent  bank  bills  at  25  per  cent,  disc'^unt ; 
of  these  bills,  three  of  $10  each,  and  one  of  $50  became 
worthless ;  I  dispose  of  the  remainder  at  par,  and  thus  make 
|520.    What  was  the  amount  of  bills  purchased  ? 

(2)  A  wholesale  merchant  sent  a  quantity  of  goods  into 
the  country  to  be  sold  by  auction,  on  a  commission  of  4^  per 
cent.  What  amount  of  goods  must  be  sold  that  his  agent 
may  buy  produce  with  the  avails  to  the  amount  of  $1910, 
after  retaining  a  commission  of  2  per  cent.? 
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(8)  A  factor  receives  $30056,  and  is  directed  to  pnrohase 
cotton  at  $289  per  bale  ;  he  is  to  receive  4  per  cent  commis- 
sion.   How  many  bales  does  he  buy  ? 

(4)  Sold  goods  to  a  certain  amount  on  a  commission  of  5 
per  cent.,  and,  having  remitted  the  net  proceeds  to  the 
ov^ner,  received  for  prompt  payment  i  per  cent.,  which 
amounted  to  $16.16.    What  was  the  amount  of  commission  ? 

(6)  A  man  obtained  an  insurance  for  life  at  the  age  of  87, 
and  died  when  61  years  old.  The  policy  required  annual 
payments  during  life,  at  $2.8674  per  $100,  and  secured  to 
the  heirs  $1709.69  more  than  the  amount  of  all  the 
premiums  paid.    What  was  the  face  value  of  the  policy  ? 

XXVI.    Profit  and  Loss. 

193.  If  I  sell  for  $105  that  for  which  I  gave  $100, 1 
gain  $5  en  an  outlay  of  $100. 

If  I  sell  for  $95  that  for  which  I  gave  $100, 1  lose 
$5  on  an  outlay  of  $100, 

The  following  Examples  will  show  the  method  of 
solving  questions  relating  to  Profit  and  Loss,  the  prin- 
ciples laid  down  in  Section  xx  being  followed. 

Ex.  (1).  I  sell  for  $6  that  for  which  I  gave  $6, 
What  is  my  gain  per  cent.  ? 

On  an  outlay  of  $6  my  gain  is  $1 ; 
On  an  outlay  of  $1  my  gain  is  $i ; 
On  an  outlay  of  $100  my  gain  is  9^  or  $20 ; 
••.  I  gain  20  per  cent. 

Ex.  (2).  I  bought  some  goods  for  $17.  How  must  I 
seU  them  in  order  to  gain  17ff  per  cent.  ? 

That  for  which  I  gave  $100  I  must  sell  for  $117if ; 

That  for  which  I  gave  $1  I  must  sell  for  $^00^%; 

That  for  which  I  gave  $17  I  must  seU  for  ^\\W\\^  or  $20 

Ex.  (8).   By  selling  goods  for  $7.20  I  made  a  profit 
of  20  per  cent.     What  did  I  give  for  them  ? 
That  which  I  sold  for  $120  I  bought  for  $100. 
That  which  I  sold  for  $1 1  bought  for  ^^ ; 

That  which  I  sold  for  «7.20  I  bought  for  $^-^^*^^^*  or  $6. 
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Ex.  (4).  If  by  selling  coffee  at  Is.  Id.  per  lb.  I  lose 
5  per  cent.,  what  must  I  sell  it  at  to  gain  6  per  cent.  ? 

That,  which  I  sell  at  95c?.,  I  bought  for  lOOd. ; 
that,  which  I  sell  at  Id.,  I  bought  for  ^-j^^d. ; 
that,  which  I  sell  at  19c?.  1  bought  for  l^^iJ^c?.  or  20d. 
Having  thus  found  the  cost  price,  we  proceed  thus ; 
To  gain  5  per  cent, 

that,  for  which  I  gave  lOOd.,  I  wust  sell  for  105c?. 
that,  for  which  1  gave  Id.,  I  must  sell  for  {^d. ; 
that,  for  which  I  gave  20d.,  I  must  seU  for  l22^J^d.,  or  Is,  9d, 
Or  thus : 
In  the  first  case, 

that  which  costs  100c?.  sells  for  95cl. 
In  the  second  case, 

that  which  costs  100c?.,  sells  for  105c?. ; 
,*.  that  which  sells  for  95c?.  must  bring  105c?. ; 
"  *«       Ic?.  must  bring  \%^d. ; 

"  «       I9d.  must  bring  lliLLL«(f., 

or  Is.  9d.  .as  before. 

Ex.  (5).  A  quantity  of  tea  is  sold  for  83^  cents,  per 
pound,  the  gain  is  10  per  cent.,  and  the  total  gain  is 
$48.     What  is  the  quantity  of  the  tea  ? 

That  wliich  sells  for  SI  10  cost  ^100; 

0-831  X  100 
"     83|cts."  $ — '—^ — ; 

.•.  the  cost  price  per  lb.  =  |?  of  $0*83^ ; 
.-.  the  gain  on  1  lb.  =  y^  of  $0'83i. 

But,  the  gain  per  lb.  X  No.  of  lbs.  sold  =  total  gain, 
or  TT  of  SO-Saf  X  No.  of  lbs.  sold  =  $48 ; 

No.oflbs.sold  =  $v^^O^^ 
=  633f . 
633i  lbs.  is,  therefore,  quantity  sold. 
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194.  When  tea,  spirits,  wine  and  such  commoditiei 
are  mixed  it  must  be  observed  that 

qnantity  of  ingredients  =  quantity  of  mixture, 
cost  of  ingredients  =  cost  of  mixture. 
Thus,  if  a  mixture  is  made  of  1  gallon  of  ale  at  8  cts. 
a  gallon,  8  at  15  cts.,  4  at  20  cts.,  and  12  at  7  cts. 

quantity  of  ingredients  =  (1-f  3+  4+12)  galls,  or  20  galls.j 
cost  of  ingredients         =  (8+45+80-f-84)  cts.,  or  $2.17. 

If  I  want  to  know  what  gain  per  cent  I  shall  make 
by  selling  this  mixture  at  26  cts.  a  gallon.  I  reason 
thus: 

20  gall,  at  26  cts.  will  sell  for  «5.20 ; 

/.  that  for  which  I  gave  $2.17, 1  sell  for  $5.20 ; 

.-.  $2.17  gains,  ($5.20— $2.17).  $8.08 ; 

.-.  $1  gains  $|:0|; 

.-.  $100  gains $l5|^Ai«»,  or  $139.68. 

.*•  I  gain  $189.68  per  cent. 

195.  In  solving  questions  on  Profit  and  Loss  the 
student  must  be  very  careful  to  notice  whether  the  gain 
is  calculated  on  the  selling  price  or  cost  price.  Thus, 
it  is  sometimes  said  that  a  retailer's  profit  is  25  per 
cent,  meaning  that  he  gave  75  cents  for  an  article  which 
he  sells  for  $1.  His  profit,  in  this  case,  is  38^  per 
cent,  on  his  outlay.  Care  must,  therefore,  be  taken 
to  express  distinctly  which  is  meant.  The  profit 
on  a  single  transaction  or  set  of  transactions  by  no 
means  represe^^ts  a  net  profit,  as  it  is  not  charged  with 
a  variety  of  expenses  which  belong  to  the  business  in 
general  rather  than  to  the  set  of  transactions  in  question. 

Ex.  If  100  articles  of  a  given  kind  can  be  made  in  9^ 
week  out  of  $40  worth  of  raw  materials,  cost  of  labour 
&c.  being  $10,  fixed  charges  for  rent  &c.  being  $250  a 
year,  find  (1)  the  cost  price  of  each  article,  (2)  tha 
invoice  price  in  order  that  a  profit  of  80  per  cent,  on  the 
cost  price  may  be  realized,  the  following  allowances  be- 
ing necessary,  viz.,  10  per  cent,  commission  to  agenta 
on  money  received  for  sales,  and  12  per  cent,  for  bad 
debts,  and  (8)  the  amount  of  profit  in  a  year. 


(1)  The  fixed  eharges  mnst  be  referrod  to  the  same  unit 
of  time  %s  the  rest  of  the  estimate,  viz. :  1  week  =  $^n^  = 

Cost  of  100  articles  =  $50  +  $'A»  =  $54*8077 ; 
.-.  cost  of  1  article  =  $0-648077. 

(2)  The  profit  on  capital  may  be  regarded  as  part  of  the 
eost  of  prodaction.  It  would  be  so,  in  fact,  if  the  money 
were  borrowed  at  80  per  cent,  interest.  80  per  cent,  added 
to$-548077giveBt'""^;:'°". 

Again,  the  commission  is  paid  on  the  money  actnally 
received ;  to  provide  for  it,  we  must  take  the  V"  of 

gl»0XC48077,  or  $I0Xl30Xg4807T. 
•  100  tXl0O 

Next :  12  per  cent,  on  bad  debts  means  that  12  do  not 
pay  for  88  who  do.  To  provide  for  it,  we  take  V/  of  the 
Belling  price.    The  invoice  price  will,  therefore,  be 

j.l00Xl»Xl8»Xg480TT  ^.ggg 

(8)  To  find  the  profit  we  must  take  ^  of  the  eost  price, 
snd  multiply  by  100  X  52. 

Annual  profit  =  ^3oxioox,2x»4i>TT   _  ^^ 

Examplei  (eix) 

(1)  If  I  buy  an  article  for  $3.20  and  sell  it  for  $4,  what  is 

my  gain  gain  per  cent.  ? 

(2)  If  I  sell  goods  for  $2240  and  gain  12  per  cent.,  whai 
was  the  cost  price  ? 

(8)  If  875  yards  of  silk  be  sold  for  $1960,  and  20  per  cent. 
profit  be  made,  what  did  it  cost  per  yard  ? 

(4)  If,  by  selling  wine  at  17«.  5d,  a  gallon,  I  lose  5  per 
eent.,  at  what  price  must  I  sell  it  to  gain  16  per  cent.  ? 

(5)  If,  by  selling  goods  for  $544,  I  lose  16  per  cent.,  how 
much  per  cent,  should  I  have  lost  or  gained,  if  I  had  sold 
them  for  $672. 

(6)  The  manufacturer  will  supply  a  certain  article  at  l^d.; 
if  a  tradesman  charge  2d.,  what  profit  per  eent.  will  ht 
make? 

(7)  A  tradesman's  prices  are  20  per  cent,  above  cost  price. 
If  he  allow  a  customer  10  per  cent,  on  his  bill,  what  profit 
does  he  make  ? 

(8)  A  trftdeimso'i  jpnees  »re  25  per  cent,  abotv  eost  price. 
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If  he  allow  a  oaBtomer  12  per  eent.  on  his  bill,  what  profit 
does  he  make  ? 

(9)  A  man  bays  goods  at  £2S.  6s.  6d.,  and  sells  them  at 
£22,  2s.  l^d.    How  much  does  he  lose  per  cent.  ? 

(10)  A  man  buys  goods  at  £16.  6*.  8d.,  and  sells  them 
again  at  ^11.  15*.  9^^.    How  much  does  he  lose  per  cent.  ? 

(11)  A  man  buys  goods  at  the  rate  of  $96  per  cwt.,  and 
sells  2  tons  14  cwt.  8  qr.  12  lb.  for  $6000.  How  much  has 
he  gained  or  lost  per  cent,  on  his  outlay  ? 

(12)  If  8  per  cent,  be  gained  by  selling  a  piece  of  ground 
for  14125.60,  what  would  be  gained  per  cent,  by  selling  it  for 
♦4202  ? 

(18)  If  8  per  cent,  more  be  gained  by  selling  a  horse  for 
$888  than  by  seUing  him  for  $824,  what  must  hia  original 
price  have  been  ? 

(14)  A  grocer  mixes  12  lb.  of  tea  at  2».  6^.  per  lb.  with  4 
lb.  at  ds.  2^.  At  what  price  must  he  sell  the  mixture  so  as 
to  gain  88^  per  cent,  upon  his  outlay  ? 

(16)  How  many  pounds  of  tobacco  at  $1.06  a  poxmd  must 
a  tobacconist  mix  with  4  lb.  at  $1.30,  that  he  may  sell  the 
mixture  at  $1.56|  per  pound,  and  gain  88^  per  cent,  upon 
his  outlay  ?       • 

(16)  A  spirit  merchant  buys  80  gallons  of  whiskey  at  $3.60 
per  gallon,  and  180  gallons  more  at  $3.00  per  gallon,  pud 
mixes  them.  At  what  price  must  he  sell  the  mixture  to  ^aln 
8i  per  cent,  upon  his  outlay  ? 

(17)  I  mix  80  gallons  of  gin  at  $3.10  per  gallon  with  96 
gallons  at  $8.41f ,  and  sell  the  mixture  so  as  to  gain  10  per 
oent.    At  what  price  per  gallon  do  I  sell  it  ? 

(18)  A  grocer  buys  two  sorts  of  tea  at  55  cents  and  61| 
cents  per  lb.  respectively.  He  mixes  them  so  as  to.  have  8 
lb.  of  the  dearer  for  every  1  lb.  of  the  cheaper  sort,  and  seUa 
the  mixture  at  80  cents  per  lb.    What  does  he  gain  per  cent.  9 

XXVn.  stocks  and  Shares. 

196.  The  Government  of  a  country,  the  anthorities 
of  a  city,  &o.,  often  find  it  necessary  to  borrow  money 
to  carry  on  public  works,  &c.  A  loan  is  then  con- 
tracted and  the  borrower  pledges  the  credit  of  the  coun- 
try, city,  &c.,  to  pay  a  fixed  rate  of  interest  on  the  sum 
borrowed  until  the  debt  is  paid  o£f. 

Th«  term  vsook  is  applied  to  anj  snob  government 


loan.    It  aI«o  denotes  the  capital  of  a  joint-8to<^  o<Hn- 

pany. 

Banks,  Bailway  Companies,  and  others,  have  their 
capital  divided  into  sharea  of  so  many  dollars  each, 
Qsually  $50  or  $100. 

The  price  of  stock  is  always  quoted  at  so  many  dol- 
lars for  $100  stock.  Thus  when  we  read  that  tiie  stock 
of  the  Toronto  Bank  is  at  15*5  it  means  that  $165  of 
money  will  purchase  $100  stock  in  that  bank. 

The  price  of  stock  is  always  fluctuating  owing  to  a 
change  in  the  value  of  money,  *.  e.,  at  times  money  is 
scarce  and  consequently  in  large  demand,  and  hence 
the  rate  of  interest  will  be  high  ;  at  other  times  it  is 
plentiful  and  therefore  cheap.  Thus  if  A  has  money 
to  loan  and  can  get  8  per  cent,  for  it  he  will  not  invest 
it  in  the  Dominion  stock,  which  pays  6  per  cent.,  un- 
less the  1  atter  is  so  cheap  that  he  can  make  8  per  cent, 
i,  «.,  unless  he  can  buy  it  at  76.  Hence  if  B  wished  to 
sell  Dominion  6  per  cent,  stock  he  would  have  to  sell  it 
at  a  discownt. 

Again,  if  money  could  only  be  loaned  at  6  per  cent., 
B  would  be  able  to  sell  $100  of  such  stock  for  more 
than  $100  money,  in  this  case  he  would  sell  at  a  Pre- 
mium. Among  the  other  causes  which  determine  the 
value  of  stock,  we  may  mention  its  desirabihty  as  a  safe 
investment,  commercial  and  pohtical  changes  at  home 
and  abroad,  etc. 

197.  Stock  is  at  Pab  when  it  sells  for  its  nomincU 
value,  as,  when  $100  stock  sells  for  $100  money. 

It  is  at  a  Pbeshum  when  it  sells  for  more  than  its 
nominal  value.  Thus,  when  $100  stock  sells  for  $109 
money  it  is  at  a  Premium  of  9  per  cent.  It  is  at  a  Dis- 
count when  it  sells  at  less  than  its  nominal  value. 
Thus,  when  $100  stock  sells  for  $86  money,  it  is  at  a 
disaouni  of  16  per  cent. 

The  purchase  and  sale  of  stocks  are  usually  effected 
liy  means  of  a  ftook-broker,  who  is  paid  a  certain  per- 
oenta^  on  aU  atook  that  passes  wpugh  his  ha&d& 
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Thus,  if  Btook  is  at  92^  and  the  broker  charge  I  pet 
cent.,  the  buyer  will  have  to  pay  |98,  ($921  +  $1)  for 
$100  stock,  and  the  seller  would  receive  $92  (§921  — 
li)  for  it. 

198.  Stock  is  often  named  from  the  interest  which  is 
pwd  to  the  owners  of  the  stock.  Thus,  the  Dominion 
Government  stock,  paying  interest  at  lie  rate  of  6  per 
cent.,  is  spoken  of  as  the  Dominion  6  per  cents.,  or 
Dominion  6's. 

Oonsols  are  a  part  of  the  national  debt  of  Great  Brit- 
ain, so  called  from  the  Consolidation  of  the  stock  of 
various  annuities  into  a  joint  8  per  cent,  stock. 

The  National  Debt  ot  Great  Britain,  which  now 
amounts  to  about  778  millions,  has  been  incurred  by 
loans  made  to  the  State  by  individuals.  Interest  is  paid 
upon  the  main  part  of  this  debt  at  the  rate  of  8  per  cent. 
The  names  of  the  persons,  who  have  a  claim  on  the 
nation  for  such  interest,  are  registered  in  books  kept  by 
the  Bank  of  England  on  behalf  of  the  Government. 
Such  persons  are  called  Fundholders :  the  debt  itself  is 
often  called  The  Fwnds :  and  the  interest,  which  is  pay- 
able half-yearly,  is  called  Dividends, 

Suppose  ^  to  be  a  Fundholder  in  that  particular  part 
of  the  National  Debt  called  The  Three  pm^  Cent.  OonsolSf 
and  suppose  the  amount  of  the  debt,  which  he  is  ack- 
nowledged by  the  Eegister  to  hold,  to  be  £5000,  he  is 
then  said  to  hold  £6000  stock.  A  cannot  demand  th« 
payment  of  5000  sovereigns,  or  any  smaller  sum,  from 
the  Government,  as  a  redemption  of  the  debt,  but  the 
Government  undertakes  to  pay  him  (or  any  one  to  whom 
he  may  assign  his  claim)  76  sovereigns,  every  half-year, 
that  being  the  amount  of  interest  on  £5000  for  half  a 
year  at  8  per  cent. 

Now  suppose  ^  to  be  desirous  of  selling  his  claim  to 
B,  The  value  of  the  claim  does  not  vary  much  from 
time  to  time  in  the  case  before  us,  for  England  is  known 
to  be  wiHiug  and  is  acknowledged  to  be  able  to  pay  th« 
iiit0i:«st«a  her  d«bt,  wdthe  Moimty  of  tiie  aUuxa  uiakef 
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the  Fnndholder  satisfied  with  a  low  rate  cvf  interest, 
punctually  paid  and  easily  obtaiued.  The  value  of  i6100 
Stock  in  Consols  is  at  the  present  time  (July  12,  1877) 
92|,  that  is,  A  can  obtain  £92|  for  each  dBlOO  Stock  that 
he  holds,  and  B  on  the  payment  of  60  x  £92f ,  or 
£4618.  165.  can  have  the  £6000  Stock,  now  held  by  A, 
transferred  to  him. 

A's  name  is  then  removed  from  the  Register,  and  Jr« 
name  is  inserted  in  it,  and  the  process  is  called  a  Trcum- 
fer.  A  is  said  to  ^  out  of  the  Funds  and  B  is  said 
to  invest  in  them. 

199.  United  States  securities  are  of  two  kinds  :  Notes 
and  Bonds. 

United  States  6'b,  5-20  are  bonds  bearing  interest  at 
6  per  cent,  and  payable  in  20  years,  but  may  be  paid 
in  5  years,  if  the  Government  choose.  When  it  is 
necessary  to  dislinguiah  different  issues  of  bonds  bear- 
ing the  same  rate  of  interest,  the  year  at  which  they 
become  due  is  mentioned  ;  thus  U.  S.  6's,  6-20  of  *84  ; 
U.  S.  6's,  6-20  of  '85. 

Notes  are  of  two  kinds. 

Firsiy  those  payable  on  demand,  without  interest, 
known  tts  United  States  Legal-tender  Notes,  or  "  Green 
Backs." 

Second,  Treasury  notes  payable  at  a  specified  time, 
with  interest.  Of  this  kind  are  notes  bearing  interest 
at  7^  per  cent.,  and  known  as  7-80' s.  These  have  aU 
been  redeemed. 

200.  OuBRSMOT  is  a  term  used  in  commeroial  lan- 


Firtt.  To  denote  the  aggregate  of  Specie,  Bills  of 
Exchange,  Bank  Bills,  Treasilry  Notes,  and  other  sub- 
stitutes for  money  employed  in  buying,  selling,  and 
carrying  on  exchange  of  commodities  between  various 
countries. 

Second,  To  denote  whatever  circulating  medium  is 
iiBad  in  any  conntiy  as  a  sabstitute  for  the  govemmenf 
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standard.  It  sometimes  happens  &at  tibo  paper  otir» 
renoy  of  a  country  becomes  depreciated  in  value,  as  ii 
the  case  at  the  present  time  in  the  United  States.  Thus 
when  we  read  in  Stock  quotations  of  American  currency 
buying  at  94f  and  selling  at  96^,  it  is  meant  that  a 
broker  would  give  $94|  gold  for  $100  of  paper  currency, 
and  that  he  would  sell  $100  of  paper  currency  for  $95^ 
gold.  Also  when  we  read  that  gold  is  105  J,  it  is  meant 
that  the  paper  currency  is  taken  as  the  standard  for  the 
time  being,  and  $106^  of  such  currency  would  be  given 
fOT  $100  gold. 

20L  In  Canada  the  liability  on  all  Banks  Stocks  is 
Hmited  to  double  the  amount  of  the  subscribed  capital. 
On  all  other  stocks  the  liability  of  shareholders  is  strict- 
ly limited  to  the  amount  of  the  subscribed  capital. 

When  aU  the  Capital  of  a  Company  has  been  paid  up, 
it  is  often  changed  from  Shares  to  Stock,  because  in  the 
case  of  Stock,  transactions  can  be  carried  on  with 
reference  to  any  'portions  of  ii,  whereas  in  the  case  of 
Shares,  fractional  parts  of  those  Shares  cannot  be 
transterred. 

Three  points  must  now  be  clearly  marked  : 

(1)  We  shall  know  the  amount  of  money  received  by 
A  for  any  given  amount  of  stock,  if  we  know  the  price  of 
tiie  stock  at  the  time  of  sale. 

ffl)  We  shall  know  how  much  stock  can  be  bought  by 
B  for  any  given  amount  of  money,  if  we  know  the  price 
of  the  stock  at  the  time  of  sale. 

(8)  We  shall  know  the  amount  of  income  received  by 
A  (and  subsequently  by  B)  on  any  given  amount  of 
stock,  if  we  know  tiie  rate  of  interest  payable  on  the 
stock  ;  the  income  depending  in  no  way  on  the  price  of 
the  stock. 

These  three  cases  we  now  proceed  to  illustrate : 

Ex.  (1).  What  is  the  valB«  of  $2600  stock  in  the 
0«mimon  W^  at  98i  ? 
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Tlio  value  ,if  8100    stock  is  $98.25  ; 
$1        stock  is  §%^^;jf  ; 

$2500  Block  is  $^■'^"^00'''"; 
=  §2456.25. 

Ex.  (2).  How  much  biock  can  be  purchased  at  92^ 
for  $Y40. 

For  S 92.50  I  can  purciaas©  $100  stock  ; 

for  $1  *'  v^'oTola » 

for  §740  "  ^H'ij-s  0^'  <^^  ^^00  stock. 

Ex.  (3).  What  annual  income  is  derived  from  invest- 
ing $3920  in  the  6  per  cents,  at  98 ; 

.*.  $98      gives  an  income  of  $6 ; 
.*.  $1        gives  an  income  of  $^-^  ; 

.-.  $3920  gives  an  income  of  $— y^^,  or  $240. 

Ex,  (4).  What  sum  must  be  invested  in  the  Dominion 
6's  at  95  so  that  I  may  have  an  annual  income  of 
$1200? 

Since  S6  is  got  from  investing  $95  ; 
.*.  $1  is  got  from  investing  $*/  ; 
.-.  $1200  is  got  from  investing  $'^"g^^^,  or  $19000. 
Ex.  (5).  What  annual  income  is  derived  from  $3550 
stock  in  the  U.S.  6's,  10-40? 
Income  on  $100    stock  is  $5. 
"       81  '*        $rb 

"       $3550      "         $^^^^,  or  $177.50. 
This  is  merely  a  case  of  finding  the  Interest,  where 
the  stock  is  the  Principal. 

Ex.  (6).  Bought  stock  in  the  Bank  of  Commerce  at 
120.     The  last  dividend  was  at  8  per  cent. ;  what  per 
cent,  did  I  make  on  the  investment  ? 
$120  gives  an  income  of  $8 , 
.-.$1  "  $T^; 

,',§100  "  $4J^-«,or$6|. 


.*.  the  per  cent,  required  is  6|, 
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Ex.  (7).  When  stock  is  at  84,  how  much  stock  must 
be  sold  to  raise  $462  ? 

Since  ^84  is  got  from  selling  $100  stock; 
.%    n  "  $W  stock; 

.-.    ^462  «  ^^^'-^.'^  stock; 

or  $550  stock. 

Ex.  (8).  What  is  the  price  of  Ontario  Bank  stock 
when  $6000  stock  produces  $5880  ? 

Since  $6000  stock  is  woith  $5880 ; 

A    $100  »  ^Loo^AM.o.orm. 

.*.  the  stock  was  selling  at  98. 

Ex.  (9).  By  investing  in  the  Dominion  6's  I  make  6J 
per  cent.  ;  what  was  the  selling  price  of  this  stock  ? 
Since  $6.50  is  got  from  investing  $100; 
.♦.    $1  "  $i^^: 

.%  the  selling  price  was  $92-/^. 

Ex.  (10).  Which  is  the  more  advantageous  stock  to 
invest  in,  6  per  cents,  at  95,  or  5  per  cents,  at  87^,  and 
how  much  per  cent,  is  it  better  ? 

Income  for  $95  in  the  G  i)er  cents,  is  $6 ; 

.*,  Income  for  $1  in  the  6  per  cents,  is  ^-^^j. 

Income  for  §1  in  the  5  per  cents  is  $q^j  or  $iS\' 

We  have  now  to  compare  the  fractions  9^5  and  1^7^. 

Reduced  to  a  common  denominator  these  become  'A^i^ 
and  ,ViV- 

.*.  Income  for  $1  in  the  6  per  cents  is  G'5^1^5  — 'A^i\)  of  a 
$1  better  than  in  the  5  per  cents. 

.'.  Income  for  $100  in  the  6  per  cents  is  100  X  (^ViV  — 
'h\%'  of  a  $1  better  than  in  the  5  per  cents. 

Now  100  X  (x^'^--^r6)  =  -91... per  cent,  required. 

Ex.  (11).  A  person  transfers  JE5000  stock  from  a  8 
per  cent,  stock  at  72,  and  invests  the  proceeds  in  a  4 
per  cent  stock  at  90,  Find  the  diiference  in  his  in- 
come. 


iti 

Ffrft,  h«  fens  £C0OO  lioek  at  74,  ana  gets  £i^X90)  «r 
£8600. 

Then  he  inreets  £8600  in  the  4  per  oeni  stock  at  80,  and 
^ys  ^9±lipjLl.  stock,  or  ie4000  itook. 

Now  his  JiM  income  on  the  J860OO  gtook  was  iStAf|f^, 

or  £U(K 
ind  his  »ec'9nd  income  on  the  £4000  stock  is  £l^M^, 

©r  ^160 ; 
.%  he  increases  his  income  by  £10. 

Ex.  (12).  A  person  invests  £1076.  10*.  in  Consols 
when  they  sire  at  89^  and  sells  out  when  they  are  at 
98}  ;  what  is  his  gain,  brokerage  at  \  per  cent,  on  each 
trajisaction. 

Here  an    annuity   which    costs   £(89i+|)    is    sold   fof 
.«.  on  £89|  the  gain  is  £81 ; 

H 

,\  m  £1      the  gain  is  £g^,  or  £^ ; 

.•.  on  £10T6  16*.  the  gain  is  £1076.  6  x  /^,  or  £48.  10«. 

Ex.  (18).  A  person  inveeted  in  Bank  stock  at  89| 
and  sold  ont  at  108J,  and  cleared  $397.60  ;  how  much 
did  he  invest,  brokerage  being  J  per  cent,  on  each  tran- 
iaotion  ? 

Here  what  eost  f  90  is  sold  for  $108| ; 

.-.  he  gained  $18.26  by  investing  |90  ; 

.'.  he  gained  $1         by  hivesting  $fifj  ; 

.-.  he  gained  $897.60  by  kiveBting$ii^:|^?-^,  or  12700. 

Ex.  (14).  A  person  having  to  pay  $860d^  two  years 
henoe,  inveflted  a  certain  sum  m  the  Toronto  6  per  cent, 
dty  bonds  to  accumulate  interest  until  the  debt  be  paid, 
and  also  an  e^al  sum  next  year ;  supposing  the  invest- 
menta  to  be  made  when  the  stock  was  at  99,  and  the 
first  year's  interest  also  invested  in  stock,  and  the  price 
to  remain  the  same,  what  must  be  the  sum  invested  on 
each  ocoaaion  that  thore  may  be  just  suf^ent  to  pay 
t2i«  d«bt  al  te  fi&j^  tinM  f 
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Every  $99  invested  will  give  $6  interest  J 

,•.  every  $1  invested  will  give  S/^  interest. 

.'.  S  sum  invested  will  give  I  sum  x  g\  interest. 

Now  $  sum  X  Ts%  invested  will  give  $  sum  X  ^V  ^  A 
interest. 

Hence  at  the  end  of  the  second  year  there  were  on  han*^ 
the  two  sums  invested. 

Two  years'  interest  on  the  first  investment=2  x  sum  X 

6 

One  year's  interest  on  the  second  investm.ent  =  sum  X 
A. 
And  the  interest  on  tlie  first  year's  interest  =  sum  X  o% 

A    9  g. 

Or  2  sums  +  3  X  sum  X  ^\  +  sum  X  ^g  X  ^  to  meet 
$3606,^4. 

,\  (2  +  #1  4-  -^Ih)  sum  =  $3606 A  ; 

360631 

.•.  sum  =  $7trMr=  ^1650.     • 

8  9  10 

Examples  (ex). 
Find  the  value  of 

(1)  $7645  stock  in  the  6  per  Cfcuts.  at  95, 

(2)  $9800  stock  in  the  6  per  cents,  at  80. 

(3)  $7650  stock  in  the  7  per  cents,  at  118|. 

(4)  £3850  stock  in  the  3  per  cents,  at  92. 

(5)  £572  lOi".  stock  in  the  3  per  cents,  at  91^, 

How  much  stock  will 

(6)  $8400  buy  iu  the  4  per  couls.  at  75  ? 

(7)  J&3757.50  buy  in  the  8  per  cents,  at  125^? 

(8)  $994.50  buy  in  the  7  per  cents,  at  117  ? 

(9)  £2199  buy  in  the  3  per  cents,  at  91 1  ? 

(10)  £5527  10s.  buy  in  the  3  per  cents,  at  92^? 
What  iucome  is  got  from  investing 

(11)  $934.25  in  the  6  per  cents,  at  101  ? 

(12)  $4147  in  4  per  cent,  stock  at  72:|? 

(13)  $6720  in  5^  per  cent,  stock  at  96  ? 

(14)  $3725  in  3  per  cent,  stock  at  74^-? 

(15)  £8475  10s.  in  3  per  cent,  stock  at  92|? 


i1 
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What  amount  of  stock  mnst  be  sold 

(16)  In  the  8  per  cents,  at  126  to  produce  $760  ? 

(17)  In  the  Dominion  5'8  at  92^  to  produce  $629  f 

(18)  In  the  6  p^r  cents,  at  101  to  produce  $959.50 

(19)  In  the  7^  per  cents,  at  128  to  produce  $40961 
What  per  cent,  is  made  by  investing  in  the 

(20)  8  per  cents,  at  120? 

(21)  6  per  cents,  at  95  ? 

(22)  6  per  cents,  at  104  ? 

(23)  3i  per  cents,  at  76  ? 

When  Greenbacks  are  at 

(24)  90,  what  is  the  price  of  gold  t 

(25)  92^,  what  is  the  price  of  gold  ? 

(26)  84,  what  is  the  price  of  gold  ? 

When  gold  is  at  a  premium  of 

(27)  10  per  cent.,  what  are  **  Greenbacks  "  quoted  at  ?  ^       L 

(28)  25  per  cent.,  what  are  "Greenbacks  "  quoted  atf     (  jf- ^ 

(29)  14  per  cent.,  what  is  $5700  of  American  Curreneu 
worth  ?  ^ 

What  sum  must  be  invested  in  the 
(80)  8  per  cents.,  at  120  so  as  to  produce  an  income  of 
$640. 

(31)  6  per  cents.,  at  90  so  as  to  produce  an  income  of 
$3750  ? 

(32)  4}  jper  cents.,  at  67  so  as  to  produce  an  income  of 
♦2790. 

What  is  the  selling  price  of  stock  when 

(33)  $560  stock  in  the  6  per  cents,  produce  $558.25  ? 

(34)  $7840  stock  in  the  4  per  cents,  produce  $6664  ? 

(35)  ^840  stock  in  the  8  per  cents,  produce  £773.  17«.  ? 

(36)  What  must  I  pay  for  U.  8.  10-40*8  ( Interest  at  6  %) 
that  my  investment  may  yield  6  per  cent  ? 

(37)  Which  is  the  better  investment,  the  buying  of  9  per 
cent,  stocks  at  26  per  cent,  advance,  or  6  per  cent,  stocka  at 
26  per  cent,  discount,  and  how  much  per  cent,  better  ? 

(38)  The  dififei*ence  between  the  incomes  derived  from  in- 
vesting a  certain  sum  in  6  per  cent,  stock  at  126,  and  in  9 


^ 
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per  oei&t.  itodk  at  210,  is  j622.  10s.    What  is  the  amonnt  in- 
vested ? 

(89)  I  Bell  out  of  the  8  per  cents,  at  96,  and  invest  the 
proceeds  in  Railway  6  per  cent,  stock  at  par ;  find  by  how 
much  per  cent,  my  income  is  increased. 

(40)  If  a  8^  per  cent,  stock  be  at  91,  how  mnch  mnst  I 
invest  in  it,  so  as  to  have  a  yearly  income  of  £958,  after  pay- 
ing Id  in  the  pound  income-tax  ? 

(41)  By  selhng  out  £4600  in  the  India  5  per  cent,  stock  at 
1121,  and  investing  the  proceeds  in  Egyptian  7  per  cent. 
BtocK,  a  person  finds  his  income  increased  by  £168.  15«. 
What  is  the  price  of  the  latter  stock  ? 

(42)  Find  the  alteration  in  income  occasioned  by  shifting 
£8200  stock  from  the  8  per  cents,  at  86|,  to  4  per  cent,  stock 
at  114| :  the  brokerage  being  |  per  cent. 

(48)  A  owns  a  farm  which  rents  for  $411.46  per  annum. 
If  he  sell  the  farm  for  $8229,  and  invest  the  proceeds  in  U. 
S.  6's,  5-20*s  of  84,  at  106,  paying  i  per  cent,  brokerage,  will 
his  yearly  income  be  increased  or  diminished,  and  how 
much? 

(44)  Through  a  broker  I  invested  a  certain  sum  of  money 
in  U.S.  6's,  6-20  at  107^,  and  twice  as  much  m  U.S.  6'b 
10-40  at  98^,  brokerage  in  each  case  ^  per  cent.  My  in- 
come from  both  investments  was  $1674.  How  much  did  I 
invest  in  each  kind  of  stock  ? 

(46)  A  purchased  goods  for  which  he  was  to  pay  $7000  in 
currency,  or  $6500  in  gold.  Will  he  gain  or  lose  by  accept- 
ing the  latter  proposal,  gold  being  at  125,  and  how  much  ? 

(46)  I  invest  in  the  8  per  cents,  at  92.  They  fall  to  86, 
and  I  sell  out  and  obtain  a  safe  investment  paying  6  per 
cent.,  but  not  subject  to  fluctuation  of  value.  How  long 
must  I  hold  it  before  I  shall  make  a  profit  by  the  change, 
in  case  8  per  cents  rose  to  their  former  value  ? 

(47)  I  own  $4000  Montreal  Bank  stock  paying  an  annual 
dividend  of  14  per  cent.  I  sell  at  180  and  invest  in  Toronto 
Gas  Company  stock  at  126  and  receive  an  annual  dividend 
of  9  per  cent  What  change  is  made  in  my  income,  broker- 
age being  f  %  and  I  %  on  the  respective  transactions  ? 

(48)  A  person  bought  stock  at  96^,  and  after  receiving  the 
half  yearly  dividend  at  the  rate  of  7  per  cent,  per  annum, 
sold  out  at  92|  and  made  a  profit  of  $37.60.  How  much 
stock  did  he  buy  ? 

(49)  Whether  is  it  better  to  invest  in  the  6  per  cents  at 
98i,  or  in  the  6  per  cents  at  86,  brokerage  being  \  per  cent,7 
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(60)  What  stun  must  a  man  invest  in  the  Dominion  6's  at 
101  in  order  to  have  a  clear  income  of  $1775.50,  after  pay- 
ing an  income  tax  of  1|  cents  on  the  dollar  on  all  over 
♦400? 

(51)  A  gentleman  has  been  receiving  12  per  cent,  on  hia 
capital  in  Canada.  He  goes  to  England  to  reside,  and  in- 
vests it  in  the  3  per  cents,  at  94|,  and  his  iacome  in  England 
is  £2400.  "What  was  his  income  in  Canada,  £  being  equal 
to  $4.86f  ? 

(52)  By  selling  out  ^4500  in  the  India  Five  per  Cent. 
Stock  at  112f ,  and  investing  the  proceeds  in  Egyptian  Seven 
per  Cent.  Stock,  A  finds  his  income  increased  by  ;£168.  16», 
What  was  the  price  of  the  latter  stock,  brokerage  on  each 
transaction  being  \  per  cent.  ? 

(53)  The  6  per  cents,  are  at  91^  and  the  7  per  cents,  ai 
102.  A  person  has  a  sum  of  money  to  invest  which  will  give 
him  $3500  more  of  the  former  stock  than  of  the  latter.  Find 
the  difference  of  income  he  oould  obtain  by  investing  in  the 
two  stocks. 

(54)  One  company  guarantees  to  pay  5  per  cent,  on  shares 
of  ^100  each ;  another  guarantees  at  the  rate  of  4|  per  cent. 
on  shares  of  $30  each  ;  the  price  of  the  former  is  124^,  and 
of  the  latter  $34  each  ;  compare  the  rates  of  interest  which 
the  shares  return  to  the  purchasers. 

(55)  The  present  income  of  a  railway  company  would 
justify  a  dividend  of  3|  per  cent.,  if  there  were  no  preference 
shares ;  but  as  $1200000  of  the  stock  consists  of  such  shares, 
which  are  guaranteed  5  per  cent,  per  annum,  the  ordinary 
shareholders  receive  only  3  per  cent.  What  is  the  whole 
amount  of  stock  ? 

(56)  Eeceived  from  my  correspondent  in  New  York 
$6150  U.S.  currency,  with  instructions  to  deduct  my  com- 
mission at  2^  per  cent.,  and  invest  the  remainder  in  Cana- 
dian Tweeds  worth  $1.03^  per  yard.  How  many  yards 
should  X  send  him,  gold  being  quoted  at  115  ? 

Excmwnation  Papers, 
I. 

(1)  In  a  sale  of  goods  for  $728  there  is  a  loss  of  9  per 
cent. ;  for  what  must  8  times  the  quantity  be  sold  in  order 
to  gain  7  per  cent.  ? 

(2)  If  20  per  cent,  be  gained  by  selling  an  article  for  $2.10; 
f  jyiat  is  the  gain  or  loss  per  cent,  when  it  ia  sold  for  $l«6p  ? 
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(8)  A  grocer  had  160  lbs.  of  tea,  of  whioh  he  gold  50  lbs. 
at  $1.80  per  pound,  and  found  he  was  gaining  only  7^  per 
cent.,  but  he  wished  to  gain  10  per  cent,  on  the  whole.  At 
what  rate  must  the  remaining  100  lbs.  be  sold  that  he  may 
attain  his  wishes  ? 

(4)  A  tradesman* adds  86  per  cent,  to  the  cost  price  of  his 
goods,  and  gives  his  customers  a  reduction  of  10  per  cent,  on 
their  bills ;  what  profit  does  he  make  ? 

(6)  A  biU  of  $2520  due  a  year  hence  can  be  taken  np  now 
at  6  per  cent,  discount.  Supposing  a  tradesman  can  employ 
his  capital  so  as  to  obtain  interest  at  the  end  of  every  quarter 
at  the  rate  of  4^  per  cent.'  per  annum,  had  he  better  so 
employ  it  or-  take  up  the  bill ;  and  what  will  be  the  difference 
to  him? 

IL 

(1)  A  tradesman  marks  his  goods  with  two  prices,  one 
for  ready  money,  and  the  other  for  one  year's  credit,  allow- 
ing discount  at  6  per  cent.  If  the  credit  price  be  marked 
f  2.45,  what  ought  the  cash  price  to  be  1 

(2)  If  goods  be  sold  on  condition  to  allow  10  per  cent, 
discount,  if  payment  be  made  at  the  end  of  six  months, 
what  discount  ought  to  be  allowed  if  payment  be  actually 
made  (1)  three  months  before,  and  (2)  three  months  after  the 
stated  time,  if  money  bear  interest  at  5  per  cent,  per  annum  ? 

(3)  A  person  purchases  goods  at  $1.20  per  pound  Troy 
weight  and  sells  them  again  by  Avoirdupois  weight ;  at 
what  rate  per  ounce  must  he  sell  so  as  exactly  to  reimburse 
his  outlay  ? 

(4)  What  is  meant  when  it  is  said  that  Consols  are  at 
88^  ?  What  are  they  at  when  £9000  is  paid  for  jBIOOOO 
Consols  ? 

(6)  A  person  sells  $1200  stock  in  the  3  per  cents,  at  86,  in 
order  to  invest  in  bank  stock  paying  8  per  cent.;  what  price 
must  he  pay  for  it  to  be  neither  a  gainer  nor  loser  ? 

III. 

(1)  I  send  $3060  to  my  ap^eiit  in  Montreal  to  invest  in  tea 
at  76c  per  lb.  He  deducts  his  commission  of  2  per  cent. 
and  purchases  the  tea.  How  many  pounds  do  I  receive  and 
at  what  must  I  sell  per  lb.  so  as  to  make  a  profit  of  40  % 
after  paying  freightage  $30  and  influraace  at  the  rate  of  | 
per  cent.  ? 

(2)  Bought  land  at  $50  an  acre ;  how  rmch  mnet  I  ask 
1^  acre  that  I  mav  %Hka  off  26  per  cent,  from  my  asking 
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price,  and  still  make  20  per  cent,  profit  on  tli«  purchase 
money  ? 

(3)  A  buys  silks  at  $2.25  per  yard  on  a  credit  of  6  months. 
B  buys  the  same  quality  of  silks  for  $2.15  per  yard,  cash. 
Which  makes  the  best  pm-chase,  money  being  worth  10  per 
cent.,  and  what  must  the  goods  be  marked  at  to  insure  a 
gain  of  25  per  cent.?  Or,  if  the  silks  be  sold  at  $3  per  yard, 
what  profit  per  cent,  does  each  make  ? 

(4)  A  person  buys  an  article  and  sells  it  so  as  to  gain  5 
per  cent.  If  he  had  bought  it  at  5  per  cent,  less,  and  sold 
it  for  5  cents  less,  he  would  have  gained  10  per  cent.  Find 
the  cost  price. 

(5)  A  person  buys  6  per  cent,  city  of  Toronto  bonds,  the 
interest  on  which  is  paid  yearly,  and  which  are  to  be  paid 
off  at  par,  8  years  after  the  time  of  purchase ;  if  money  be 
worth  5  per  cent.,  what  price  should  he  give  for  the  bonds  ? 

IV. 

(1)  Bought  cloth  at  08  in  gold,  and  sold  at  $4  in  currency. 
Did  I  gain  or  lose  by  the  transaction,  and  how  much  per 
eent.  in  currency,  gold  being  at  118  ? 

(2)  A  merchant  sold  24  cheese  at  $30  each.  On  one  half 
he  gained  80  per  cent.,  and  on  the  remainder  he  lost  80  per 
cent. ;  did  he  gain  or  lose  on  the  whole,  and  how  much  ? 

(8)  A  man  wishing  to  sell  his  farm  asked  36  per  cent,  more 
than  it  cost  him,  but  Ihe  finally  sold  it  for  20  per  cent,  less 
than  his  asking  price.  He  gained  $528  by  the  transaction. 
How  hittoh  did  the  farm  cost,  what  was  his  asking  price, 
and  for  how  much  did  he  sell  it  ? 

(4)  A  person  having  to  pay  $1085  at  the  end  of  2  years 
invested  a  certain  sum  in  8  per  cent,  stock,  allowing  th« 
dividends  to  accumulate  until  the  payment  of  the  debt,  and 
also  an  equal  sum  next  year,  and  also  the  previous  year's 
interest.  If  the  investment  is  made  and  the  debt  paid  when 
stock  was  at  73,  what  must  be  the  sum  invested  on  each 
occasion  that  there  may  be  just  sufficient  to  pay  the  debt  at 
the  proper  time  ? 

(6)  A  merchant's  stock-in-trade  is  valued  on  Jan.  1,  1876, 
at  $40000,  he  has  $1750  in  cash  and  owes  $9350 ;  during  the 
year  his  personal  expenses,  $1500  are  paid  out  of  the  pro- 
ceeds of  the  business,  and  on  Jan.  1, 1876,  his  stock  is  valued 
at  $89750,  he  has  $2850  in  cash  and  owes  $7550.  What  is 
the  whole  profit  of  the  year's  transactions  after  deducting  6 
per  cent,  interest  on  the  capital  with  which   he  be^an  t)}e 
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(1)  I  received  an  8  per  eent.  dividend  on  railway  stoek, 
and  invested  the  money  in  the  same  stock  at  80.  My  stocli 
having  increased  to  $13760,  what  was  the  amount  of  my 
dividend  ? 

(2)  How  many  shares  of  $50  each  must  be  bought  at  26 
per  cent,  discount,  brokerage  1|  per  cent.,  and  sold  at  16 
per  cent,  discount,  brokerage  IJ  per  cent.,  to  gain  $121. 66|? 

(3)  What  sum  must  be  invested  in  United  States  10-40's 
bearing  interest  at  6  per  cent. ,  payable  in  gold  purchased  at 
par,  to  produce  a  semi-annual  income  of  $400  U.  S.  currency, 
when  gold  is  quoted  at  175  per  eent.  ? 

(4)  The  charter  of  a  new  railroad  company  limits  the 
stock  is  $1500000,  of  which  8  instalments  of  10  per  cent., 
20  per  cent.,  and  40  per  cent,  respectively  having  been  paid 
in  ;  the  cost  of  construction  has  reached  $850000,  and  the 
estimated  cost  of  completion  is  $850000.  If  the  company 
call  in  the  final  instalment  of  its  stock,  and  assess  the  stock- 
holders for  the  remaining  outlay,  what  will  be  the  rate  per 
cent.  ? 

(6)  A  person  invests  $16380  in  the  8  per  cents,  at  91 ;  he 
sells  out  $12000  stock  when  they  have  ..o^.  to  93^,  and  the 
remainder  when  they  have  fallen  to  So.  liaw  much  does 
he  gain  or  lose  by  the  transaction.  If  he  invests  the  pro- 
duce in  4^  per  cent,  stock  at  102,  what  is  the  difference  in 
his  income  ? 

XXVIII.    Division  into  Proportional  Parts. 

202.  Suppose  8  persons,  -4,  B^  and  C,  to  be  in  part- 
nership, and  an  arrangement  made  that  the  profits  of 
the  business,  in  which  they  are  engaged,  are  to  be  di- 
vided into  6  equal  parts,  of  which  A  is  to  take  3  parts, 
B  2  parts,  and  C  1  part.  The  shares  of  A,  B,  and  G 
are  then  said  to  be  in  the  proportion  of  8,  2,  and  1. 

Ex.  (1).  Divide  $1275  among  8  persons,  whose 
shaies  are  to  be  in  the  proportion  of  8,  5,  and  7. 

This  may  be  regarded  as  a  case  in  which  one  holds  8 
shares,  one  5,  and  one  7,  and  they  hold  16  shares  in  aH 

Hence,  if  we  divide  $1275  by  15,  and  we  get  the  amount 
of  one  share,  that  is,  amount  of  one  share  =  $-i-^  =  $85. 

Then  one  of  the  persons  receives  3  x  $85,  or  $255 ; 

the  second  receives  6  x  $35,  or  $425 ; 

fl^  ^ird  receives  7  x  185,  or  ^5^^.- 
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Ek.  (2),  Divide  $837  nmong  three  partners,  whose 
shares  are  to  be  in  in'oportiim  of  h,   i,  and  ^. 

The  common  denominator  of  ^,  3-,  and  ^  is  30, 
,*.  the  shares  are  to  bo  in  the  proportion  of  J|,  Jg,  and  -3V1 
that  is  the  proportion  of  15,  10,  and  6; 
Now  15  -f- 10  4-  6  =  31. 

,*.  amount  of  o)ie  share  out  of  31  shares  =  8Vi'  ="-  827. 
Then  one  of  the  partners  receives  15  X  S^7,  or  $405  ; 
the  second  receives  10  x  §27,  or  $270  ; 
tlie  third  receives   6  X  ^27,  or  S162. 

Ex.  (3).  A  rate  of  $4:212  is  to  be  paid  by  three  town- 
ships, and  the  pi-operty  on  which  it  is  levied  is  $247rX) 
in  the  first,  $37250  in  tlie  second,  and  $43350  in  the 
*ihird.     What  sum  is  paid  by  each  ? 
Amount  of  property  on  which  the  rate  is  levied  is  $105300. 
Then  $105300  has  to  pay  a  rate  $4212. 
,\    ^1  hastopay  arate$TbBoo; 

•%    $24700    has  to  pay  a  rate  $^^;  ^ ll^p~.  or  $988-, 
$37250    has  to  pay  a  rate  $^^10'?  3  *o  ^  ^,  or  $1490 

$43350    hastopayarate$*-^f^23c*o^^'°^  ^1'^^'* 
Ex.  (4).  Divide  $1000  among  A,  B,  and  C,  so  that  A 
may  have  half  as  much  again  as  £,  and  B  a  third  as 
much  again  as  C. 

Representing  C's  part  by  I, 

5'spart  will  be  1^, 
and  A 's  part  will  be  1  .^  -f-  ^  of  1|  =2  ; 
Wid,  tl^erefore,  the  parts  are  to  be  as  the  numbers  2,  1|,  1, 
.%  All  the  shares  ^=24-1^  +  1  =  4^  times  C"s  share. 
^  times  C"s  =  ^IXO, 
$1000 
CTs  =  ^  —  =  $230-769, 

B's  =  i  of  Cs  =  $307-692. 
^'s  =  2  times  C's  =^  8461-538. 

Ex.  (5).  Divide  the  number  237  into  three  parts,  such 
that  three  times  the  first  may  be  equal  to  5  times  the 
second  and  to  8  times  the  third. 

Take  the  first  part  as  the  unit;  then  by  the  question 
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the  second  part  will  be  ^  of  the  j&rst,  and  the  thira  will 
be  f  of  the  first. 

Sum  of  the  parts  =  1  +|-  +  |  =  |f  times  the  first. 
Hence  i^  times  the   1st  =  237, 

tiie   1st  =  237  -T-  H  =  120, 
.      the  2nd  =  f  of  1st  =  f  of  120  =  72. 
the  3rd  =  |  of  1st  ^  f  of  120  =  45, 
Ex.  (6).  Divide  $3400  among  A,  B,  and  C,  so  that 
A  may  have  $800  more  than  f  of  ^'s  share,  and  B  $600 
less  than  f  of  C7's  share. 
Kepresenting  C"s  share  by  1,  then 

B'b  share  =  J  of  O's  share  —  S600 
^'s  share  =  |  of  5's  share  +  $800 

=  f  (i  of  C's  -  $600)  +  $800 
:-=  i  of  6"s  +  $400 
Sum  of  all  the  shares  =  C's  -f  |  C's  —  $600  +  i  (7s  +  $400 
=  1  C's  — $200. 
.-.  f  C's  —  $200  =  $3400 

f  C's  =  $3400  +  $200 
=  $3600 
C's  =  $1600. 
^'s  =  I  of  $1600  —  $600 

=  $600. 
^'s  =  i  of  $1600  +  $400 
=  $1200. 

Examples,    (cxi). 

(1)  Divide  $60  into  two  parts  proportional  to  11  and  9. 

(2)  Divide  $2500  into  parts  proportional  to  2,  3,  7,  8. 

(3)  Divide  $8470  into  parts  proportional  to  ^,  ^,  ^  and  i. 

(4)  Gunpowder  is  made  of  saltpetre,  sulphur,  and  charcoal, 
in  parts  proportional  to  75,  10  and  15 ;  how  many  pounds  of 
3ach  are  contained  in  12  cwt.  of  gunpowder  ? 

(5)  The  sides  of  a  triangle  are  as  3,  4,  5,  and  the  sum  of 
•■he  lengths  of  the  sides  is  480  yards ;  find  the  sides. 

(6)  Divide  $640  among  J.,  B  and  C,  so  that  A  may  have 
jhree  times  as  much  as  B,  and  C  as  much  as  A  and  B  to- 
gether. 

(7)  Divide  100  apples  among  three  boys,  so  that  the  first 
ixiay  receive  7  as  often  as  the  seeond  receives  8,  and  the  third 
may  receive  5  as  often  as  the  second  receives  4. 

/8)  A  bankrupt  owns  ^272  10s.  to  ^,  ^£354  5s.  to  B,  and 
4^490  10s.  to  C :  his  assets  are  £418  19s.  4|c?.     What  will 
ch  of  the  creditors  receive  2 
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(9)  A  force  of  police  1921  strong  is  to  be  distributed  among 
4  towns  in  proportion  to  the  number  of  inhabitants  in  each  ; 
the  population  being  4150,  12450,  24900,  and  29050,  respec- 
tively.    Determine  the  number  of  men  sent  to  each. 

(10)  Divide  £29  into  an  equal  number  of  half-sovereigns, 
crowns,  half-crowns,  shillings,  sixpences,  and  fourpences. 

(11)  A  piece  of  land  of  200  acres  is  to  be  divided  among 
four  persons,  in  proportion  to  their  rentals  from  surrounding 
property  :  supposing  these  rents  to  be  £500,  £350,  £800,  and 
£90,  how  many  acres  must  be  allotted  to  each  ? 

(12)  Divide  £2.  5s.  among  A,  B,  and  C,  so  that  for 
each  threepenny  piece  received  by  ^,  jB  may  receive  a  four- 
penny  piece,  and  that  there  are  as  many  shillings  in  the  sum 
received  by  0  as  there  are  sixpences  in  the  sum  received 
byi^. 

(13)  Divide  $10.40  among  5  men,  7  women,  and  14  boys, 
so  that  each  woman  may  have  f  of  each  man's  share,  and 
each  boy  |  of  each  woman's  share. 

(14)  A  number  of  men,  women,  and  children  are  in  the 
proportions  2,  3,  5  ;  divide  $517. 65  among  them,  so  that  the 
shares  of  a  man,  a  woman,  and  a  child  may  be  proportional 
to  3,  2,  1,  there  being  9  women. 

(15)  A  man  left  his  property  to  be  divided  among  his  3 
sons  in  proportion  to  their  ages,  which  are  20,  18,  and  12 
years.  The  share  of  the  youngest  is  $1440.  What  was  the 
value  of  the  property  ? 

(16)  Divide  $5000  among  A,  B,  and  C,  so  that  A  may  get 
$300  less  than  |  of  C's  share,  and  0,  $800  more  than  f  of  B's 
share.     What  are  the  shares  of  each  ? 

(17)  Divide  $5000  among  A,  B,  C,  and  D,  so  that  A  may 
get  I  of  B's  share,  and  $250 ;  B,  $200  more  than  ^  of  C's 
share;  C,  $100  less  than  ^^  of  D's  share.  What  are  the 
shares  of  each  ? 

(18)  The  sum  of  three  fractions  is  ^||;  and  22  times  the 
first,  23  times  the  second,  and  24  times  the  third  give  equal 
products.     Find  the  fraction. 

(19)  Divide  the  simple  interest  on  $1171  for  13  years  at  6 
per  cent,  in  parts  which  shall  have  the  same  relation  as  #,  L 

"i       5       _8_       "^  ^'  "' 

(20)  Of  the  boys  in  a  school  one-third  are  over  15  years  of 
age,  one-third  between  10  and  15.  A  legacy  of  $400  can  be 
exactly  divided  amongst  them  by  giving  $J  to  each  boy  over 
15,  $^  to  each  between  10  and  15,  and  $^  to  each  of  the  rest. 
How  many  boys  are  there  in  the  school  ? 


PARTNERSHIP, 

203.  When  persons  unite  to  carry  on  any  particnla? 
branch  of  business  the  connection  so  formed  is  called  a 
PARTNERSHIP.  Thc  method  of  working  questions  in 
partnership  is  the  same  as  that  explained  in  the  preced- 
ing article. 

Ex.  (1).  Ay  Rj  and  G  entered  int;0  partnership  to 
carry  on  a  mercantile  business  for  two  years.     A  puts 
in  $9000,  B  |6000,  and  C  $8000.   They  gained  $4500. 
What  is  each  one's  share  of  the  gain  ? 
The  whole  capital  invested  is  $18000, 
Then  $18000  gain  $4500. 
.-.  $1  gains  $^\W77  or  $i. 
$9000  gains  $^^  =  $2250. 
$6000  gains  $^^  =-  $1500. 
$3000  gains  $?^^  =  $750. 

Hence  A'»  share  of  the  gain  is  $2260  ;  B*8,  $1500;  and 
Cs,  «750. 

Ex.  (2).  Af  R,  and  C  entered  into  partnership  for 
trading.     A  put  in  $600  for   4  months  ;  R  $400  for  6 
months,  and  C  $200  for  6  months.     They  gained  $980 
what  was  each  man's  share  of  the  gain  ? 

$600  for  4  months  =  $2400  for  1  month. 

0400  "6      "       =$2000      "        " 

$200  "    6      "       =$1200      "        " 

The  whole  capital  is  equivalent  to  $6600  for  1  month. 

Then  $5600  gain  $980 ; 
.-.  $1  gams  $TrW^=?V 
ft2400  gains  $i±||iil  =  $420. 

$2000  gains  $?-0^|?Ll  =  $350. 
$1200  gains  $}A^^^  =  $210. 
/.  A's  share  is  $420,  B's  $350,  and  (?s  $210. 

Examples    (cxii) 
(1)    Two  men  jointly  purchased  a  house  for  $2692,  the 
fizst  contributing  $864  towards  the  purchase  and  the  seoond 
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$1728.    They  afterwards  rented  the  house  for  $182.75  annn- 
»lly.    What  share  of  the  rent  onght  each  to  have  ? 

(2)  A,  B,  and  G  jointly  rented  a  pasture  for  8  months, 
agreeing  to  pay  $22.60  for  the  use  of  the  same.  A  put  in 
6  horses,  B  put  in  18  cows,  and  G  90  sheep.  Considering 
each  horse  as  equivalent  to  two  cows,  and  each  cow  as,  equal 
to  3  sheep,  what  part  of  the  rent  ought  each  to  pay  ? 

(8)  A,  B,  and  G  entered  into  partnership  for  speculating 
in  cotton,  their  joint  capital  being  $25780,  of  which  A  fur- 
nished I,  B  contributed  f  of  the  remainder,  and  C  the  bal- 
ance. Their  clear  profit  was  20  per  cent,  of  the  original  in- 
vestment.    How  should  it  be  divided  ? 

(4)  A  starts  a  business  with  a  capital  of  $2400  on  the  19th 
of  March,  and  on  the  17th  of  July  admits  a  partner  B  ydih.  a 
capital  of  $1800.  The  profits  amount  to  $943  by  the  31st  of 
December.    What  is  each  person's  share  ? 

(6)  D  and  E  enter  into  partnership ;   D  puts  m  $40  for 

8  months,  and  E  $76  for  4  months.  They  gain  $70.  What 
is  each  man's  share  in  the  gain  ? 

(6)  J.,  B,  G  axe  partners ;   A  pute  in  $500  for  7  months,   ^^ 
B  $600  for  8  months,  and  G  $900  for  9  months.    The  profit  '^ 
is  $410.    What  is  the  share  of  each? 

(7)  Three  graziers  hire  a  pasture  for  their  common  use, 
for  which  they  pay  ^106.  One  puts  in  10  oxen  for  3  months, 
another  12  oxen  for  4  months,  and  the  third  14  oxen  for  2 
months.     How  much  of  the  rent  should  each  pay  ? 

(8)  Two  men  complete  in  a  fortnight  a  piece  of  work  for 
which  they  are  paid  $29.55.     One  of  them  works  alternately 

9  hours  and  8  hours  a  day.  The  other  works  9^  hours  for 
5  days  in  the  week,  and  does  nothing  on  the  remaining  day. 
What  part  of  the  sum  should  each  receive  ? 

(9)  A  and  B  begin  to  trade  in  partnership.  A  puts  in 
$400  at  first,  and  ^500  at  the  end  of  two  months..  B  puts  in 
|800  at  first,  and  $600  at  the  end  of  three  months.  The 
profit  at  the  end  of  the  year  is  $470.  How  should  this  be 
divided  ? 

(10)  Johnston  and  Wilson  formed  a  copartnership  in 
business  for  2  years.  Johnston  at  first  contiibuted  $3000  to 
joint  capital,  and  at  the  end  of  12  months  put  in  $1500  more. 
Wilson  at  first  put  in  $3500,  but  at  the  end  of  16  months 
from  the  beginning  withdrew  $1000.  At  the  end  of  the  first 
year  they  admitted  Miller  into  the  firm,  he  contributing 
$2260.  Then:  joint  profits  were  $1248.  How  ou^bt  this  to 
be  apportioned  ? 
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(11)  A  and  B  rent  a  field  for  $88.20.  A  puts  in  10  horses 
for  li  months,  80  oxen  for  2  months,  and  100  sheep  for  8^ 
months  ;  B,  40  horses  for  2^  months,  60  oxen  for  1^  months 
and  116  seeep  for  8  months.  If  the  food  consumed  in  the 
same  time  by  a  horse,  an  ox  and  a  sheep,  be  as  the  numbers 
8,  2,  1^  what  proportion  of  the  rent  must  each  pay  ? 

(12)  A  person  in  his  will  directed  that  i  his  property 
should  be  given  to  ^,  ^  to  J5,  ^  to  0,  and  i  to  D  ;'shew  that 
this  disposition  cannot  be  fulfiUed.  If  his  property  amount 
to  $1886.50,  dispose  of  it  so  that  their  shares  may  have  to 
one  another  the  relation  he  intended. 

(18)  A,  B,  and  G  had  each  a  cask  of  rum  containing  re^ 
spectively  86,  64,  and  78  gallons.  They  blended  their  rum 
and  then  refilled  their  casks  from  the  mixture ;  how  much  of 
the  rums  of  A  and  B  are  contained  in  C"b  cask  ? 

(14)  A  rents  a  house  for  $187.20,  at  the  end  of  4  months 
he  takes  in  2?  as  a  co-tenant,  and  they  admit  C  in  like  man- 
ner for  the  last  2J  months  ;  what  portion  of  the  rent  must 
eaoh  of  them  pay  ? 

PARTNERSHIP  SETTLEMENTS, 

204.  When  a  partnership  is  dissolved,  either  by  mu- 
tual consent  or  by  limitation  of  contract,  the  adjustment 
of  the  proceeds  between  the  members  is  called  a  Partner- 
ship Settlement.  If  the  Resoueoes  are  found  to  exceed 
the  Liabilities,  the  difference  is  termed  Net  Capital  ; 
if  the  Liabilities  exceed  .the  Resources,  the  difference  is 
Net  Insolvency.  The  investment  of  the  partners  is  the 
Net  Capital  at  commencement.  If  the  net  capital  at 
closing  exceeds  the  net  capital  at  commencement, 
the  difference  is  the  Net  Gain  ;  if  the  opposite,  Net 
Loss.  This  net  gain,  or  net  loss,  is  then  shared 
between  the  partners  in  accordance  with  the  original 
agreement  between  them.  This  division  is  frequently 
not  made  in  exact  proportion  to  the  amount  invested ; 
sometimes  the  skill  of  one  partner  is  considered  equal 
to  the  capital  of  another ;  sometimes  a  stated  salary  is 
allowed  each  partner  according  to  his  ability  or  reputa- 
tion; and  sometimes,  where  unequal  amounts  are  in- 
vested, interest  is  allowed  each  partner  on  his  invest- 
ment ;  but  whatever  allowance  is  made  such  allowance 
ft^i  b»  classed  a$  a  liability  and  go  to  redibce  the  aai/i^. 


ownebship. 

Dr.  Cr. 

^560  A  withdrew.  $2oC0 
280  JB           "  2500 


840  Total  investment  5000 

"       withdrawn    840 

Firm's  net  inyestmeut  4160 
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Ex.  (1).  A  and  B  are  partners.  The  following  is  a  state- 
ment of  their  property  and  debts :  they  have  cash,  ^3240  ; 
merchandise,  12575  ;  Bills  Keceivable,  $860;  J.  Brown  owes 
on  account,  $375.  They  owe  on  Bills  Payable,  $1250 ;  and 
J.  Jones  on  account,  S370.  A  invested  at  commencing, 
$2500,  and  drew  out,  during  business,  $560.  B  invested 
$2500,  and  drew  out,  during  business,  $280.  They  agreed  to 
share  equally  in  gains  and  losses.  What  was  the  net  gain  ? 
and  what  was  the  net  capital  of  each  at  closing  ?  v 

bssoubces  and  liabilities. 
Dr.  Cr. 

$3240  $1250 

2575  370 

860  

375  1620 

7050  Eesources  at  Closing. 
1620  Liabilities  " 

6430  Present  Worth  of  Firm. 
4160  Credit  excess  of  Ownership. 

1270  Net  Gain. 

6-25  A'a  share  of  net  gain. 
635  B'a     " 

Hence  ^'s  present  net  capital  =  S2500  —  0560  +  0635  = 
$2575,  and  B's  present  net  capital  =  $2500  —  $280  4-  $635 
=  $2855. 

Examples,   (cxiii). 

(1)  A  and  B  having  conducted  business  1  year  as  partners, 
close  with  the  following  resources  and  liabilities :  They  have 
cash,  03456;  Mdse.,  $2120;  Bills  Receivable,  $1874;  E. 
Corby  owes  $630.  They  owe  on  Bills  Payable,  $3250  ;  W. 
Smith  on  account,  $346.  A  invested  $1500  and  withdrew 
$175.  B  invested  $1500  and  drew  out  $315.  What  is  the 
net  gain,  and  net  capital  of  each  at  closing? 

(2)  A  and  B  close  business  as  follows :  They  have  cash, 
$1424;  Mdse.,  $1562;  Fixtures,  $383;  Mortgages  Receiv- 
able,  $3485 ;  Bills  Receivable,  $826.  They  owe  on  Bills 
Payable,  $2450  ;  on  accounts,  t^l24(».  A  invested  $6000,  and 
a  debt  for  $1000  was  assumed  by  the  firm,  and  paid  during 
business.  He  drew  out  $685 ;  and  is  allowed  interest  on 
capital  invested,  $420.  B  invested  $4000,  and  drew  out 
$1860,  and  is  allowed  interest  on  capital,  $280.  A  is  t© 
share  f  and  B  f  of  gains  and  losses.  What  is  the  nefe  loss  ? 
What  is  the  net  capital  of  each  ? 

(3)  A  and  B  close  business,  and  wish  to  know  the  finai> 
cial  standing  of  each.      They  have  cash,  $2263,  and  Eeal 
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Estate  worth  $5000.  They  owe  on  Mortgages,  $3846:  on 
Notes,  ?'44G2 ;  on  Personal  Accounts,  $675.  A  invested 
$6000  and  drew  out  P860.  B  invested  $4000,  drew  out, 
$5560,  and  is  allowed  for  extra  services  $250.  A  shares  f 
and  B  i  of  the  gains  and  losses.  What  is  tlie  net  loss  ? 
What  is  tlie  financial  standing  of  each  ? 

XXIX.    Alligation. 

205.  Alligation  is  the  process  by  which  we  find  the 
mean  or  average  price  of  a  compound  when  we  mix  or 
unite  two  or  more  articles  of  different  values. 

Ex.  (1).  A  merchant  has  brown  sugar  worth  8  cents 
per  pound.  New  Orleans  worth  9  cents,  and  refined 
sugar  worth  14  cents  ;  how  many  pounds  of  each  kind 
must  he  use  in  order  to  form  a  mixture  worth  12  cents 
per  pound  ? 

By  selling  the  mixture  at  12  cents  per  pound,  we  see  that 
8  cents  (brown)  gains  4  cents  on  1  lb. ;  .*.  1  cent,  is  gained 
on^lb. 

9  cents  (New  Orleans)  gains  3  cents  on  1  lb. ;  .'.1  cent,  is 
gained  on  -|  lb. 

14  cents  (refined)  loses  2  cents  on  1  lb. ;  .*.  1  cent,  is  lost 
on  I  lb. 

Now  with  every  cent,  gain  he  must  combine  a  cent,  loss, 
hence  he  must  have 

I  lb.  at  8  cts.\  (3  lbs.  at  8  cts. 
i  lb.  "  14  cts.  I  _J  6  lbs.  "  14  cts. 
I  lb.  "  9  cts.  [14  lbs.  "  9  cts. 
I  lb.  "  14  cts.  j  ieibs.  "  14  cts. 
He  must,  therefore,  have  3  lbs.  brown  sugar,  4  lbs.  New 
Orleans,  and  12  lbs.  refined. 

We  may  show  that  these  quantities  will  make  the  mixture 
required,  as  follows : 

3  lbs.  at    8  cts.  per  lb.  =    24  cts. 

4  lbs.  "    9  cts.       "       =    36  cts. 
12  lbs.  "  14  cts.       "       =  168  cts. 


1 9  cts.  =  whole  mixture.     228  cts.  =  value  of  mixture. 
Hence  if  19  lbs.  be  worth  228  cents, 

1  lb.  is  worth  W^  =  12  cts. 
Or  we  may  reason  thus :  The  1  ct.  gained  on  the  ^  lb.  of 
brown  exactly  balances  the  1  ct.  lost  on  the  J  lb.  of  the 
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fefined.  Henoe  he  must  take  ^  lb.  of  the  brown  and  i  lb.  of 
the  refined,  or  2  lbs.  of  the  one  and  4  lbs.  of  the  other. 

Sinsiilarly,  for  every  2  lbs.  of  New  Orleans,  there  mnst  be 
8  lbs.  of  refined.  As  4  lbs.  of  refined  were  required  to  bal- 
ance the  brown,  and  8  lbs.  of  the  refined  to  balance  the  New 
Orleans,  there  mnst  be  7  Ibi.  of  the  refined  in  the  compound. 
Therefore  the  respective  quantities  are  2  lbs.  brown,  2  lbs. 
New  Orleans,  and  7  lbs.  refined. 

From  the  above,  we  see  that  in  examples  of  this  kind  a 
variety  of  answers  may  firequently  be  obtained,  and  all  of 
them  may  be  correct.  To  ascertain  their  correctness  we 
resort  to  the  method  of  proof  given  in  this  example. 

206.  From  the  above  analysis  we  derive  an  easy 
practical  method  of  solving  such  anestiona. 

Ex.  (2).  How  much  sugar  at  10,  18,  15,  17,  and  18 
cents  per  pound  must  be  taken  to  make  a  mixture 
worth  16  cents  ? 

We  proceed  as  follows  : 
Differences.!  16 


10 
13 
16 

17 

18 


Write  down  the  prices  in  a 
vertical  column,  and  place  the 
1  differences  between  these  prices 

1  and  the  mean  in  a  second  verti- 

1  cal  column  to  the  left.     Now 

take  1  @  10,  1  @13,  and  1  ®  15, 
2,  4,  6,  8  (the  lowest  that  can  be  taken) ; 
4,  8,  2,  1  this  would  represent  a  loss  of  10 
as  compared  with  the  mean;  and  this  loss  must  be  balanced 
by  taking  the  necessary  multiples  of  the  differences  1  and  2, 
which  represent  gain  as  compared  with  the  mean. 

It  is  seen  that  this  loss  oi  iO  can  be  made  nip  in  four  ways, 
&y  2@17,  4@18,  4@17,  3@  18,  6®17,  2@18,  8@  17,  and 
fc@18. 

Other  combinations  may  be  made,  as  e,g, : 


10 
IB 
15 

17 

18 


1  Here  1  @  10,  1  @  18,  and  2  @  16, 

1  give  loss  of  11,  which  can  be  made  up 

S  by  multiples  of  the  differences  1  and 

2  (oppoBite  17  Mid  18)  in  five  ways, 
1,  8,  6,  7,  9  afi  indicated, 
6,  4,  8,  2,  1 


Ako, 
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6 

10 

8 

18 

1 

16 

*i' 

17 

2 

18  i 

Again, 

6  10 
18 
16 


17 

18 

Also, 


1,  8,  6,  7,  9, 11 
6,6,4,3,2,    1 


2,  4,  6,  8,  10,  12, 
7.6,6,4,    8,    2, 


Where  1  @  10,  2  @  18  and  1  (§ 
16  give  18  loss;  which  may  be 
made  up  in  n«  different  ways. 


Where  2  @  10,  1  @  18  and 
1  @  16  give  loss  of  16,  which 
may  be  made  up  in 
ways. 


6 

10 

8 

13 

1 

16 

'i* 

17 

2 

18 

1  Where  1  @  10,  1  @  18  and  8  @  16 

1  give  i^  of  12,  which  may  be  made 

3  np  in  Jwe  ways ;  and  thus  an  indefi- 

nate  nimiber  of  combinations  may  b« 
2,  4,  6,  8,  10  formed. 
6,4,8,2,    1 

It  should  be  observed  that  if  the  differences  opposite  the 
prices  less  than  the  mean  are  together  greater  than  the  sum 
of  the  other  differences  (as  in  the  example)  we  assign  num- 
bers (the  lowest  possible)  to  the  prices  less  than  the  mean 
FIRST,  and  vice  versa  ;  e.g.  of  the  latter  case  : — 

How  much  coffee  at  25,  24,  23,  22, 21,  19,  18  and  17  cents 
per  pound  must  be  taken  to  make  a  mixture  worth  20  cents 
per  pound  ? 

Here  the  sum  of  the  dif- 
ferences in  excess  of  the 
4,  8,  2,  1,  1,  2  mean  is  greater  than  that  of 
1,  2,  3,  6,  4,  2  &o,  the  differences  below  the 
1,  2,  3,  2,  4,  3  mean ;  we  therefore  assign 
first  numbers  to  the  prices 
1  which  are  greater  than  the 

1  mean,  viz.,  1  @  21,  1  @  22, 

1  1  @  28,  1  @  24,  and  1  @ 

1  ?'  ;  this  gives  Again  of  15, 

1  which  may  be  balanced  as 

above  by  1  @  19,  1  @  18,  and  4  @  17 ;  or  by  2  @  19,  2  @  18 
ftnd8@17,  &o.,  &o. 

Ex.  (8).  A  grocer  has  12  lbs.  of  brown  sngar,  worth 
10  cents  per  pound,  which  he  wishes  to  mix  with  dari- 
fted  0ugar  worth  16  cents  per  poun^f  so  ^t  the  mix- 
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20 

8 

17 

2 

18 

1 

19 

... 

1 

21 

2 

22 

3 

23 

4 

24 

6 
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tee  may  be  worth  14  cents  per  potind;  how  many 
pounds  of  clarified  sugar  must  he  talie  ? 

Proceeding  as  in  the  previous  examples,  without  refer- 
ence to  the  quantity  of  the  brown  sugar,  we  find  that 
there  must  be  1  lb.  brown  sugar  to  2  lbs.  clarified  sugar. 
But  as  12  lbs.  of  brown  sugar  are  required,  we  must 
multiply  each  of  tiiese  quantities  by  12  in  order  that 
the  gain  and  loss  may  be  equal.  We  shall  therefore 
have  12  X  2=24  lbs.  of  clarified  sugar. 

Ex.  (4).  A  grocer  wishes  to  mix  20  lbs.  of  sugar, 
worth  9  cents  per  pound,  and  10  lbs.  worth  12  cents 
per  pound,  with  clarified  sugar,  worth  15  cents,  so  that 
the  compound  may  sell  for  18  cents;  how  much  of  the 
clarified  must  he  take  ? 

20  lbs.  at   9  cents  =  $1.80 

10  lbs.  at  12  cents  =  $1.20 

80  «8.00 

Then,  if  80  lbs.  is  worth  |8, 

lib.       "        $^  =  10  cents. 

The  value  of  1  lb.  of  the  mixture  is,  therefore,  worth 
10  cents.    The  question  may  then  be  read  as  follows  : 

How  many  pounds  of  clarified  sugar,  worth  15  cents 
per  pound,  must  be  mixed  with  80  lbs.  of  another  kind 
of  sugar,  worth  10  cents  per  pound,  so  that  the  mixture 
may  be  sold  for  18  cents  per  pound  ? 

The  question  in  this  form  has  already  been  folly  ex- 
plained. 

Ex.  (5).  A  merchant  has  West  India  sugar  worth  8 
cents  per  pound,  arid  New  Orleans  sugar  worth  18  cents. 
He  wishes  to  combine  these  so  as  to  make  a  barrel, 
containing  175  lbs.,  which  he  may  sell  at  11  cents  per 
pound.    How  many  pounds  of  each  kind  must  he  take  ? 

Solving  the  question  without  reference  to  the  175  lbs., 
we  find  that  2  lbs.  of  West  India  sugar,  and  8  lbs.  oi 
New  Orleans  sugar  wiQ  form  a  mixture  worth  11  cents 
per  pound.  Adding  these  quantities,  we  find  that  they 
ionu  a  mixtxure  of  ^  lbs*    ]^u^  the  required  mixture  is 
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to  contain  175  lbs.,  or  85  times  6.    We  shall  theveforl 
have 

85  X  2  lbs.  -   70  lbs.  West  India  sngar. 

86  X  3  lbs.  =  105  lbs.  New  Orlean*  sugar. 

Examples,    (cxiv) 

(1)  What  quantities  of  coffee,  worth  28  and  86  Mnti 
respectively  per  pound,  must  be  mixed  together  so  that  th« 
compound  may  be  sold  for  80  cents  a  pound  ? 

(2)  What  quantity  of  oats  at  86  cents  per  bushel,  rye  at  60 
cents  per  bushel,  and  barley  at  80  cents,  must  be  taken  oi 
form  a  mixture  worth  65  cents  per  bushel  ? 

(8)  How  much  tea,  worth  respectively  66  cents  and  76 
cents  per  pound,  must  be  mixqd  with  80  lbs.,  worth  90  cents 
per  pound,  in  order  that  the  compound  may  be  sold  for  70 
cents  per  pound  ? 

(4)  How  much  water  will  it  require  to  dilute  60  gallons  of 
alcohol,  worth  $1.60  per  gallon,  so  that  the  mixture  may  be 
worth  only  $1.20  per  gallon  ? 

(6)  How  many  gallons  of  kerosene  oil,  worth  60  cents  per 
gallon,  must  be  mixed  with  12  gallons  of  coal  oil,  worth  86 
cents,  and  8  gallons  of  Aurora  oil,  worth  66  cents,  so  that 
the  compound  may  be  sold  for  60  cents  per  gallon  ? 

(6)  A  farmer  has  16  bushels  of  com,  worth  48  cents  per 
bushel,  and  12  bushels  of  oats,  at  84  cents  per  bushel,  which 
he  wishes  to  mix  with  rye,  at  60  cents,  and  barley,  at  80 
cents,  in  order  to  sell  the  compound  at  56  cents  per  bushel. 
How  many  bushels  of  rye  and  barley  will  be  required  ? 

(7)  A  confectioner  mixes  three  different  quahties  of  candy 
worth  respectively  14  cents,  18  cents,  and  80  cents  per 
pound,  BO  as  to  make  a  box  of  84  lbs.;  how  many  pounds  of 
each  sort  must  he  take  so  as  to  sell  the  compound  at  an 
average  price  of  24  cents  per  pound  ? 

(8)  A  farmer  has  three  different  qualities  of  wool,  worth 
respectively  88  cents,  87  cents,  and  45*  cents  per  pound.  He 
wishes  to  make  up  a  package  amounting  to  120  lbs.,  which 
he  can  afford  to  sell  at  89  cents  per  pound.  How  many 
pounds  of  each  kind  must  he  take  f 

XXX.    Exchange. 

207,  The  term  Ewhange  is  here  used  for  giving  or 
receiving  in  the  money  of  one  country  a  sum  equal  in 
'^^m  u>  i  swtt  of  mooej  ol  another  country.    For  ei* 
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ample,  if  an  English  merchant  pays  to  a  French  mer- 
chant 100  sovereigns  and  receives  in  return  2500  francs, 
it  is  a  case  of  Exchange. 

In  countries  which  carry  on  considerahle  trade  with 
each  other,  the  debts  reciprocally  due  from  tlie  one  to 
the  other  are  generally  nearly  equal.  In  England  there 
is  always  a  large  number  of  persons  indebted  to  others 
in  America,  and  Ukewise  a  large  number  in  America 
owing  money  in  England.  Now  if  coin,  or  specie,  as  it 
is  called,  were  sent  from  England  to  pay  the  debts  in 
America,  and  from  America  to  England,  the  specie 
would  have  to  be  transmitted  twice,  and  would  neces- 
sarily involve  risk,  loss  of  interest,  and  expense  of  tran- 
sportation. To  avoid  this  risk,  &o.,  Bills  op  Exchange 
are  used  to  liquidate  debts  reciprocally  due  between  two 
places  without  any  actual  transmission  of  money. 

208.  A  Bill  of  Exchange  is  a  written  order,  ad- 
dressed to  a  person  in  a  distant  place,  directing  hmn  to 
pay  a  certain  sum  of  money,  at  a  specified  tinae,  to 
another,  or  to  his  order.  The  person  who  signs  the 
biU  is  called  the  Drawer,  or  Maker.  The  person  to 
whom  it  is  addressed  is  the  Drawee,  and  after  the 
Drawee  agrees  to  pay  it,  and  writes  "  accepted  "  with 
his  signature  and  the  date,  across  the  face  of  it,  he  be- 
comes the  Acceptor.  The  person  to  whom  the  money 
is  to  be  paid  is  the  Payee  ;  if  he  transfers  payment  to 
another  he  Endorses  it,  i.e.,  he  writes  his  name  across 
the  back  of  it  and  becomes  responsible  for  its  payment 
in  case  the  Drawee  fails  to  make  payment. 

209.  The  Par  of  Exchange  between  two  countries 
denotes  the  nominal  value  of  a  unit  of  coinage  in  one 
country,  as  estimated  in  terms  of  a  unit  of  coinage  in 
the  other  country. 

As  we  supposed  the  exports  from  England  and  Amer- 
ica to  be  equal,  creditors  in  England  wiQ  be  as  anxious 
to  sell  biUs  on  America  as  debtors  to  buy  them,  and  the 
exchange  wiU  deviate  but  slightly  from  the  par  of  Ex- 
change. But  if  the  exports  from  America  are  in  excess 
of  those  from  England,  or  the  Balance  o/  Trade  is  in 
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favor  of  America,  the  claims  of  America  in  England 
will  exceed  its  liabilities,  and  the  Enghsh  will  give  more 
than  the  par  value  of  such  bills  to  avoid  the  cost  of 
transmitting  specie  ;  and  on  the  other  hand,  the  export- 
ers in  America  not  finding  sufficient  purchasers  for  all 
their  bills  on  England,  will  seU  them  at  less  than  their 
par  value.  Now  the  real  rate  of  exchange  depending 
on  the  balance  of  trade  is  called  the  Course  of  Ex- 
change ;  and  it  is  at  a  premium  or  discount  according  as 
it  is  above  or  below  the  par  of  exchange.  Of  course  no 
one  would  give  a  premium  greater  than  the  cost  of 
transmitting  specie.  But  if  the  balance  of  trade  is 
against  England  as  regards  America,  but  in  favor  of 
England  as  against  France,  the  English  merchant  may 
find  it  advantageous  to  remit  to  France,  and  then  for 
France  to  remit  to  America,  and  this  mode  is  adopted 
when  the  course  of  exchange  by  this  circuitous  route  is 
less  than  the  direct  course  of  exchange.  The  finding 
the  course  of  exchange  between  two  places,  by  com- 
paring the  courses  of  exchange  between  them  and  one 
or  more  intervening  places  is  called  Arbitration  of 
Exchange.  The  arbitration  is  Simple  when  only  one 
place  intervenes,  and  Compound  when  more  than  one. 

Bills  of  Exchange  are  usually  drawn  in  sets,  three 
bills  constituting  a  set  These  are  distinguished  from 
one  another  by  being  called  the  first,  second,  and  third 
of  exchange.  These  are  forwarded  by  different  routes 
so  as  to  guard  against  delay  or  their  being  lost.  The 
first  that  arrives  is  paid,  and  the  other  two  become 
void. 

210.  By  Act  of  Parliament  the  value  of  the  pound 
sterling  was  fixed  at  $4^.  This  was  much  below  its 
intrinsic  value,  which  is  now  fixed  at  $4.86f.  The 
rates  of  exchange  which  are  quoted  in  commercial 
papers  are  still  calculated  at  a  certain  per  cent,  on  the 
old  par  of  exchange.  Exchange  is  at  par  between  Great 
Britain  and  Canada  when  it  is  at  a  premium  of  9^  per 
flent.,  for  $4|  increased  by  9J  per  cent,,  equals  f  4.86|« 
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rOBM  or  DKATT  OB  INLAND  BILL  OV  EZOHANGB. 

$1000.  Toronto,  July  12,  1877. 

At  ten  days'  sight,  pay  to  the  order 
of  Adam  Miller  &  Co.,  One  Thousand 
Dollars,  value  received,  and  charge 
to  account  of 

W.  B.  JONBS. 

To.  J.  Smith  &  Co., 

Montreal. 


Stamp 


FORM  OP  A  FOREIGN  BILL  OF  EXCHANGE. 

Exchange  for  £200.  Toronto,  July  12,  1877 

Three  days  after  sight  of  this  first 
of  exchange  (second  and  third  of 
same  date  and  tenor  unpaid),  pay  to 
Adam  Miller  &  Co.,  or  order,  Two 
Hundred  Pounds  Sterling,  value 
received,  and  charge  the  same  to 
the  account  of 

W.  B.  Tayloe. 
To  Geo.  H.  Simpson,      ) 
Banker,  London.  ) 

FOREIGN  MONEYS  OF  ACCOUNT, 

With  the  par  value  of  the  unit,  as  fixed  hy  commercial 
vsage,  expressed  in  dollars  and  cents. 

Austria. — 60  kreutzers  =  1  florin  (silver)  =  $'486 

Belgium. — 100  cents  =  1  guilder  or  florin ;  1  guilder 

(silver)  =   '40 

Brazil. — 1000  ree8  =  l  milree  =  '828 

British   India. — 12  pice  =  1  anna ;    16  annas  =  1 

Company's  rupee  =    '446 

Buenos  Ayres. — 8  rials  =  1  dollar  currency,  mean 

value  = "QS 

Canton. — 10  cash  =  1  candarines ;  10  cand.  =  1  mace ; 

10  mace  =  1  tael  = 1*48 

Cuba,  Columbia,  and  Cheli. — 8  rials  =  1  dollar  =  ...     1.00 
Denmark. — 12  pfenning  =  1  skilling;    16  skiUing  = 

1  marc  ;  6  marcs  =  1  rix-doUar  = '62 

France. — 10  centimes  =  1  decime  ;  10  deoimes  =  1 

franc  =  'ISe 

Greece. — 100  lepta  =  1  drachme ;  1  drachme  (sil- 

„     ver)  = .166 

Holland. — 100  cents  =3e  1  florin  or  guilder;  1  florin 

C«lv«r)  «  -      '40 
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ELiMBUsa. — 12  pfenning  =  1  schilling ;  16  sohil.  =  1 

maro;    8  maros  =*  1   rix-dollar  = "94 

Mexico. — 8  rials  =  1  dollar  =  l.OC 

PoBTUOAi. — 400  rees  =  1  crozado  ;    1000  rees  =  1 

milree  or  crown  = 1.12 

Prussia. — 12  pfennings  =  1  grosch  (silver)  ;  30  gros- 

chen  =  1  thaler  or  dollar  = '69 

Russia. — 100  copecks  =  1  ruble  (silver)  = '78 

Sweden. — 48  skillings  =  1  rix-dollar  specie  = 1.06 

Spain. — 84  maravedis  =  1  real  of  old  plate  *  = '10 

8  reals  =  1  piastre  ;  4  piastres  =  1  pistole  of  ex- 
change ;  20  reals  vellon  =  1  Spanish  dollar  =  ...  l.OC 
Turkey. — 8  aspers  =  1  para ;    40  paras  =  1  piastre 

(variable)  about '096 

Vknicjb. — 100  centesimi  =  1  lira  =  'ISe 


VALUE  OF  FOREIGN  COINS, 


Guinea  

Sovereign  of  Great  Britsdn. 

Cro\ni  of  England 

Half  Crown  of  England  

Shilling  of  England 

Franc  of  France 

Five  Franc  Piece  of  France 

Llvre  Tournois  of  France  ... 

Forty  Franc  Piece  of  France 

Crown  of  France 

Lonift-d'Or  of  France 

Florin  of  the  Netherlands... 

Guilder  of  the  Netherlands. 

Florin  of  South  Germany  ... 

Thaler  of  Bix-Dollar  of  Prus- 
sia and  North  Germany ... 

Rfc|-Dollar  of  Bremen 

Florin  of  Prussia 

Marc-Banco  of  Hamburg  ... 

Florin  of  Austria 

Florin  of  Saxony,  Bohemia 
and  Trieste  

Florin  of  Nuremburg  and 
Frankfort  

Bix-Dollar  of  Denmark  c 

Specie-Dollar  of  Denmark.. 

Dollar  of  Sweden  &  Norway 

Milree  of  PortugaL 


^.id 

Milree  of  Madeira..... 

4.86f 

Milree  of  Azores  

1.216 

Real-VeUon  of  Spain 

.608 

Real-Plate  of  Spain 

f4 

Pistole  of  Spain 

Rial  of  Spam 

qs 

Pistareen 

.18J 
7.66 
1.06 

Cross  Pistareen 

Ruble  (silver)  of  Russia  .. 
TmpenAl  of  RuBsia        .    .. 

4.56 

.40 
.40 
.40 

Half-Joe  of  Portugal  

Lira  of  Tuscany  and  Lom- 
bardy 

Lira  of  Sardinia  

.69 

f 

Ounce  of  Sicily  ....„.,.. 

Ducat  of  Naples 

Crown  of  Tuscany  

.48i 
.48 

Genoa  Livre    ., 

Geneva  Livre 

Swiss  Livre 

.40 
1.00 

Scudo  of  Malta 

Turkish  Piastre 

1.06 
1.06 
1.12 

Pagoda  of  India 

Rupee  of  India 

Tael  of  China 

«1.00 
.88* 
J06 
JO 

8J7 
.13 
.Ifl 
J6 
.75 

7.85 
15.60 

&68 

.16 

.186 
2.40 

.80 
LOS 

J6 

.90 
XI 
.40 
.06 

1.84 
.441 

1.48 


Ex.  (1).  A  broker  in  Toronto  sold  a  bill  of  exchange 
on  London,  the  face  of  which  was  for  £750.  8a. ;  what 
did  he  receive  for  the  bill,  exchange  being  quoted  at 
llOi? 

*Th.9  old  plate  nil  is  not  a  ooiiit  but  is  the  dezunntnfttton  in  wbiob 
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Binoe  ^61  =  $4|xl.l0i,  i.e.,  $1J  increased  by  lOi  per  oenl. 

A  ^760.  4=  $750.4x4|Xl.l0i. 
=:  $3676.96. 

/.  te  got  =  $3676.96  for  the  bill. 

Ex.  (2).  What  is  the  value  in  English  money  of 
4528-7  fi-ancs,  when  the  course  of  exchange  between 
Paris  and  London  is  at  25-3  fi-ancs  per  pound  sterling  ? 

»^ince  26-3  francs  =  ^£1, 
1  franc       =  £jjrt 
.-.  4528-7  francs  =  £-~^,  or  ^179. 

Ex.  (8).  A  merchant  pays  a  debt  of  4379  milrees  in 
Portugal  with  £971.  11«.  Ofd  ;  what  is  the  course  oJ 
exchange  in  pence  per  milree  ? 

je971.  lis.  9H  =  932727  farthings 
Then  since  4379  milrees  =  982727  farthings, 

A  •  A  »   A  IT 

1  mikee  =    ^^-j^'  farthings,  or  2i j   far- 
Lings; 
.*.  the  course  of  exchange  is  58^  pence  per  milree. 

Ex.  (4).  If  11-65  Dutch  florins  are  given  for  24*4^ 
francs,  852  florins  for  407  marks  of  Hamburg,  and  58^ 
marks  for  82  silver  rubles  of  St.  Petersburg  ;  how  mai:.y 
francs  should  be  given  for  932  silver  rubles  ? 

Here  1  silver  ruble  =  °^^'^"   marks, 

1  mark  =  -||^  florins, 

1  florin  =  ^  *^  -  francs ; 

1  165 

.-.  1  silver  ruble  =  -^^  x-f|?  X  —^  francs,  or  3  d 
rancs ; 
.-.  932  silver  rubles =932X3 -3  francs,  or  3075*6  francs. 

Ex.  (5).  A  New  York  merchant  remits  27940  florins 
to  Amsterdam  by  way  of  London  and  Paris,  at  a  time 
when  the  exchange  of  New  York  on  London  is  $4-885 
for  £1,  of  London  on  Paris  is  25*4  francs  for  £1,  and  of 
Pai-is  on  Amsterdam  is  212  francs  for  100  florins ;  J  per 
cent,  brokerage  being  paid  in  London  and  in  Paris  Uo"W 
many  doUarg  will  purdia&e  the  bill  of  exehange  ? 
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Since  100  florins =212  francs, 

.*.  1  florin  =io'o  francs. 

But  to  buy  a  bill  of  100  fr.  requires  a  bill  of  100^  £r. 

.*.  to  buy  a  bill  of  1  fr.  requires  a  bill  of  f  ^^  fr.       ^  - 

Again  25.40  fr.  =  £1 ; 

but  to  buy  a  bill  of  ^100  requires  ^100| ; 
^1         "       £fU. 
Again  ^1  =  $4.885 ; 

•.  1  florin  =  #Hf  X  m  Xvhro  X  tl^  X  4-885. 

•    27940  florins  —  itt2Xl4  0ji2i2  x  so  i  x  8  o  i  x  4^88_5 
.  .  ^/J4U  norms  —  »        100x800x25.40x800 

=  $11420.317,  sum  required. 

Ex.  (6).  A  merchant  of  Toronto  wishes  to  transmit 
2400  marcs  banco  to  Hamburg.  He  finds  exchange 
between  Toronto  and  Hamburg  to  fee  85  cents  for  1 
marc.  The  exchange  between  Toronto  and  London  is 
$4.83  for  £1  ;  that  between  London  and  Paris  is  26 
francs  for  £1  ;  and  that  of  Paris  on  Hamburg  is  47 
rancs  for  25  marcs.  By  what  way  should  the  Toronto 
merchant  remit  ? 

By  direct  exchange  1  marc  =  }|0-35  ; 

•.  2400  marcs  =  S2400  X  0.35 
==  $840. 

By  circuitous  exchange  25  marcs  =  47  francs ; 
.'.1  marc  =  41  francs, 
but  26  francs  -=  ^1 ; 
.*.  1  franc    z=^  £-^\. 
And  £1  =  $4.83. 
.-.  1  marc  =^  $4.83x  AXH  ; 

ctAnf^  (^2400X4. 83x47 

.•    2400  marcs  =  ^        06x25 

=  $838.]  9. 

By  direct  exchange  the  merchant  paj^s  $840  for  his  bill  of 
exchange,  and  only  $838.19  by  the  circuitous  mode 

-*.  the  circuitous  mocle  is  better  bv  ^1.81» 
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Examples-    (««▼) 

(1)  When  $7800  are  paid  in  Toronto  for  a  bill  of  exchange 
0n  Liverpool  for  £1500 ;  how  was  sterling  exchange  quoted  ? 

(2)  What  will  the  cost  of  a  bill  on  Paris  for  236874  francs, 
exchange  being  6.8  francs  to  the  doUar  ? 

(3)  If  £1  be  worth  12  florins,  and  also  be  worth  25  francs 
66  centimes,  how  many  francs  and  centimes  is  one  florin 
worth  1 

(4)  If  £1  be  worth  25i  francs,  and  be  also  worth  2244 
copecks  in  Kussian  money,  what  is  the  value  of  the  napoleon 
in  Russian  copecks  ?     (N.B. — 20  francs  =  1  napoleon.) 

(5)  The  French  franc  is  divided  into  100  centimes  and  the 
Frankfort  florin  into  60  kreutzers.  When  the  pound  ster- 
ling is  worth  25.50  francs  in  Paris,  and  11  fl.  54  kr.  at 
Frankfort,  what  is  the  worth  of  the  napoleon  in  florins  and 
kreutzers  ? 

(6)  In  1869  exchange  on  Paris  was  quoted  in  New  York 
ftt  6.12^  francs  to  the  dollar  and  gold  was  at  135^.  If  a 
New  York  merchant  owed  12669  francs  in  Havre,  how  much 
would  he  have  to  pay  in  greenbacks  for  a  bill  of  exchange  to 
cover  his  indebtedness  ? 

(7)  A  merchant  in  Toronto  wishes  to  remit  $2767.80  to 
Manchester,  England,  exchange  being  at  108  ;  what  will  be 
the  face  of  his  bill  in  pounds,  shillings  and  pence  ? 

(8)  Find  the  par  of  exchange  between  the  U.  S.  gold  eagle, 
^reighing  258  grains  ^  fine,  and  the  sovereign  of  which  1869 
weigh  40  lbs.  of  gold  ^  fine  ? 

(9)  Find  the  arbitrated  rate  of  exchange  between  London 
and  Paris  when  the  course  of  exchange  between  London  and 
Amsterdam  is  12.16^  florins  for  ;£1,  and  between  Amsterdam 
and  Paris  209;^  francs  for  100  florins. 

(10)  If  a  merchant  buys  a  bill  in  London,  drawn  in  Paris, 
at  the  rate  of  25.5  francs  per  pound  sterling,  and  if  this  bill 
is  sold  in  Amsterdam,  at  the  rate  of  80  francs  for  14  florins, 
and  the  money  received  be  invested  in  a  bill  on  Hamburg, 
at  the  rate  of  18  florins  for  20  marcs  banco,  what  ip  the  rate 
of  exchange  between  London  and  Hamburg,  or  what  is  a 
pound  sterling  in  London  worth  in  Hamburg  ? 

(11)  If  the  exchange  of  London  on  Hamburg  is  14  marcs 
banco  per  pound  sterHng  ;  that  of  Hamburg  on  Amsterdam 
is  20  marcs  banco  for  18  florins;  that  of  Amsterdam  on 
Paris  is  28  florins  for  60  francs  ;  and  that  of  Paris  on  Tor- 
onto is  4  francs  for  72  cents,  what  is  the  rate  of  exchange 
between  London  and  Toronto,  oir  bPW  saany  dollars  are 
egual  to  £1  sterling  ? 
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(12)  The  exchange  at  Paris  upon  London  is  at  the  rate  ol 

25  francs  70  centimes  for  £1  sterling,  and  the  exchange  a< 
Vienna  npon  Parig  is  at  the  rate  of  40^  Austrian  florins  for 

20  francs  :  And  how  many  Austrian  florins  should  be  paid  ai 
Vienna  for  a  ^£60  note. 

(13)  What  is  the  arbitrated  rate  of  exchange  between 
London  and  Lisbon,  when  bills  on  Paris,  bought  in  London 
at  25.65  francs  per  £.,  are  sold  in  Lisbon  at  525  rees  per  8 
francs? 

(14)  Given  that  1  ounce  Troy  equals  31.1  grammes ;  thai 
10  grammes  of  French  standard  gold  are  worth  81  francs; 
and  that  the  worth  of  a  given  weight  of  English  standard 
gold  is  to  that  of  the  same  weight  of  French  standard  gold 
as  8161  to  8100,  find  what  number  of  Troy  ounces  of  English 
standard  gold  the  franc  is  equal  to,  and  what  is  the  fixed 
number  of  francs  equivalent  to  ^61  ? — the  English  mint  prioe 
of  standard  gold  being  77a.  10^.  per  ounce. 

Examination  Papera, 

I. 

(1)  If  three  fluids,  whose  volumes  are  as  3,  7,  and  12,  and 
their  specific  gravities  .96,  1.16,  and  1.36,  be  mixed  together ; 
what  will  be  the  specific  gravity  of  the  compound  ? 

(2)  If  f  of  A*8  money  equals  \  of  B's,  and  f  of  B's  equals 
I  of  C's,  and  the  interest  of  all  their  money  at  8  per  cent, 
for  4  years  6  months  is  $6291,  how  much  money  has  each? 

(3)  A  Toronto  merchant  wishes  to  pay  a  debt  of  ^£1200  in 
London.  How  many  doUars  must  he  pay  to  procure 
remittances  through  France  and  Hamburg  if  we  allow  that 

21  francs  ■»  $4,  19  marcs  banco  at  Hamburg  =  36  francs  at 
Paris,  and  £1  at  London  —  96  marcs  banco  at  Hamburg. 

(4)  A  merchant  in  Cincinnati  wishes  to  remit  $14331.60 
to  New  York.  Exchange  on  New  York  is  \  per  cent, 
premium,  but  in  St.  Louis  \  per  cent,  premium,  from  St. 
Louis  to  New  Orleans  \  per  cent,  discount,  and  from  New 
Orleans  to  New  York  1  per  cent,  discount.  What  will  be 
value  in  New  York  by  each  method,  and  how  much  better  ie 
the  circular? 

(6)  A  merchant  in  Toronto  purchased  a  draft  on  Ne% 
York  for  $2660,  drawn  at  60  days,  paying  12670.89.  What 
was  th«  ooorstt  of  exchange  ? 

IL 

(1)  A  mercfeftBt  saixes  11  Ib^  of  t©ft  with  6  lbs.  of  an  ia- 
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fericr  quality,  ftnd  gains  16  %  by  selling  the  mixtnre  at  87 
eents  per  pound.  Allowing  that  a  pound  of  the  one  cost  12 
cents  more  than  a  pound  of  the  other,  what  was  the  cost  of 
taoh  kind  per  pound  ? 

(2)  A  and  B  are  in  partnership  in  a  concern  in  which  A 
has  $20000  engaged,  and  B  $30000.  The  gross  receipts  for 
ft  year  are  $12800  ;  of  this  one-eighth  part  is  expended  in 
salaries  of  clerks,  and  $120  in  insurance.  By  an  arrange- 
ment between  the  partners,  A  is  to  receive  8  %  upon  his 
capital,  and  B  4  %  upon  his,  and  then  the  remainder  of  the 
orofits  is  to  be  divided  in  proportion  to  the  capital  employed. 
Find  the  net  receipts  of  A  and  B. 

(3)  Bills  on  Amsterdam,  bought  in  London  at  12  florins 
15  cents  per  ^gl  sterling,  are  sold  in  Paris  at  57^  florins  for 
120  francs  ;  what  is  the  course  of  exchange  between  London 
jjad  Paris  ? 

(4)  On  the  1st  Jan.,  A  brought  into  a  business  $1400,  and 
on  1st  April  $2000  more ;  on  the  Ist  June  he  took  out 
$1600,  and  3  months  after  this  he  brought  in  $2400.  B 
brought  into  the  business  $2000  ;  4  months  after  this  he 
took  out  $600,  and  on  the  1st  Nov.  brought  ui  $2600.  Their 
slear  profit  for  the  year  is  $4032.  How  much  ought  each  to 
receive  ? 

(5)  A  cask  contains  12  gals,  of  wine  and  18  gals,  of  water ; 
another  cask  contains  9  gals,  of  wine  and  3  gals,  of  water ; 
how  many  gallons  must  be  drawn  from  each  cask  so  as  to 
produce  by  their  mixture  7  gals,  of  wine  and  7  gals,  of 
water? 

III. 

(1)  A  merchant  has  sugar  at  8,  10,  12,  and  20  cents  a 
pound ;  with  these  he  wishes  to  fill  a  cask  that  holds  200 
lbs. ;  how  much  of  each  kind  must  he  take,  so  that  tha 
mixture  may  be  worth  15  cents  a  pound  ? 

(2)  A  15  days'  draft  on  Montreal  yielded  $1190.234  when 
sold  at  1^  %  discount,  and  interest  oflF  at  6  per  cent.  What 
was  the  face  of  the  draft  ? 

(8)  If  A  gain  $120  in  6  months,  B  $160  in  5  months,  and 
C  $210  in  9  months ;  what  was  tJie  whole  stock,  O's  part  of 
it  being  $400. 

(4)  From  a  cask  of  wine  one-fourth  is  drawn  off,  and  the 
eask  is  filled  up  with  water,  one-fourth  of  the  mixture  is  then 
drawn  off,  and  the  cask  again  filled  up  with  water,  after  thia 
has  been  done  four  times  altogether,  what  fraction  of  th# 
original  quantity  of  wint  will  be  left  in  the  cask  ? 
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(6)  A  person  in  London  owes  another  in  St.  Teienhvat^ 

920  roubles,  which  must  be  remitted  through  Paris.  He 
pays  the  requisite  sum  to  his  broker,  at  a  time  when  the 
exchange  between  London  and  Paris  is  25.15  francs  for  ^1, 
and  between  Paris  and  St.  Petersburg  1.2  francs  for  1  rouble. 
The  remittance  is  delayed  until  the  rates  are  25.86  francs  for 
^1  and  1.16  francs  for  1  rouble.  What  does  the  broker  gain 
or  lose  by  the  delay  ? 

rv. 

(1)  If,  when  the  course  of  Exchange  between  England 
and  Spain  is  88^.  per  dollar  of  20  reals,  a  merchant  in 
Liverpool  draws  a  bill  of  ^354.  16*.  Bd.  on  Madrid,  how 
many  dollars  and  reals  will  pay  the  draft  ? 

(2)  I  wish  to  pay  a  biU  in  Naples  of  7500  lire  ;  the  direct 
exchange  is  $0.22=1  lira;  the  exchange  on  London  is 
$495;  of  London  on  Paris  is  ^61= 26  francs;  of  Paris  on 
Naples  is  1^  francs =1  lira.  What  is  the  difference  between 
the  direct  and  circuitous  exchange  ? 

(8)  A  merchant  in  New  York  gave  $1000  for  a  bill  on 
London  of  £200.     What  was  the  rate  of  exchange  ? 

(4)  A  merchant  in  New  York  wishes  to  pay  dBSOOO  in 
London.  Exchange  on  London  is  at  par ;  on  Paris,  6 
francs  26  centimes  per  $1 ;  and  on  Amsterdam,  40  cents  to 
a  guilder.  The  exchange  between  France  and  England  at 
the  same  time  is  25  francs  to  £1,  and  that  of  Amsterdam  on 
England  12^  guilders  to  ^1.  Which  is  the  most  advantage- 
ous, the  direct  exchange,  or  through  Paris,  or  through  Ams- 
terdam ? 

(5)  How  many  pounds  of  sugar  at  8,  18,  and  14  cents  per 
pound,  may  be  mixed  with  8  pounds  at  9^  cents,  2  pounds 
at  8^  cents,  and  4  pounds  at  14  cents  a  pound,  so  as  to  gain 
16  per  cent,  by  selling  the  mixture  at  14^  cents  per  pound  t 


(1)  Three  districts  are  to  provide  according  to  their  popu- 
lation a  contingent  of  182  men.  The  population  of  the  dis- 
tricts is  2466,  786,  and  4361  respectively ;  find  as  exactly  as 
possible  the  number  of  men  to  be  provided  by  each  district. 

(2)  A  person  mixes  4  gallons  of  gin  at  16«.  per  gallon, 
with  4  gallons  of  water  and  a  gallon  of  base  spirit  worth  10«.; 
what  is  his  gain  per  cent,  on  his  outlay  by  selling  the  mix- 
ture tht  2|<.  per  bottle  of  6  to  the  gallon  ? 

(8)  The  stocks  of  8  partners.  A,  B,  and  C,  are  $8500, 
12200,  and  $2500,  respectively ;  their  gAins  are  $1120,  $880, 
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Knd  $1200  respeotiyely.    If  B*a  stock  is  in  trade  2  months 
longer  than  -4'b,  what  time  was  each  stock  in  trade  ? 

(4)  A  merchant  every  year  gains  60  io  on  his  capital,  of 
which  he  spends  ^1200  per  annum  in  house  and  other  ex- 
penses. At  the  end  of  4  years  he  finds  himself  in  possession 
4  times  as  large  as  what  he  had  at  commencing  business ; 
what  was  his  original  capital  ? 

(5)  There  are  two  mixtures  of  wine  and  water,  the  quan- 
tities of  wine  in  which  are  respectively  '84  and  '46  of  the 
whole.  If  a  gallon  of  the  first  is  mixed  with  two  gallons  of 
the  second,  what  decimal  part  will  the  wine  be  in  the  com- 
pound, and  how  much  per  cent,  will  the  first  mixture  be 
strengthened  ? 

XXXI.    Ratio  and  Proportion. 

211.  If  A  and  B  be  quantities  of  the  same  kind,  the 
relative  greatness  of  A  with  respect  to  5  is  called  the 
Batio  of  ^  to  -B. 

212.  The  ratio  of  one  quantity  to  another  quantity  is 
represented  in  Arithmetic  by  the  fraction,  which  ex- 
presses the  measures  of  the  first  when  tiie  second  is 
taken  as  the  unit  of  measurement. 

Thus  if  5  shillings  be  the  unit,  the  measure  of  8  shillings 
is  f ,  and  the  ratio  of  8  shillings  to  5  shillings  is  represented, 
by  the  fraction  |. 

The  words  "  the  ratio  of_8  shillings  to  5  shillings  " 
are  abbreviated  thus: 

8  shillings  :  5  shillings. 

213.  Ratios  may  be  compared  with  each  other  by 
comparing  the  fractions  by  which  they  are  represented. 

Thus  2  pence  :  5  pence  is  represented  by  | 
and    3  pence  :  7  pence  is  represented  by  | 
Now  }  =  it,  and  f  =  a» 

.*.  I  is  greater  than  | 

and  .*.  8  pence :  7  pence  is  greater  than  2  pence  :  5  pence. 

When  we  thus  compare  the  ratios  existing  between 

two  pairs  of  quantities,  it  is  not  necessary  that  all  ./bttr 

quantities  should  be  of  the  same  kind  ;  ii  is  only  necei)^ 

f$u:y  that  each  ^ir  should  be  of  the  same  kiod,. 
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For  example,  we  can  compare  the  ratio  of  4  sfeillin^s 
to  7  shillings  with  the  ratio  of  7  days  to  12  days,  and 
finding  that  |  is  less  than  -j-^j,  we  may  say  that  the  ratio 
of  4  shillings  to  7  shillings  is  less  than  the  ratio  of  7 
days  to  12  days. 

214.  When  the  ratio  symbol  (  :  )  is  placed  between 
two  numbers  we  may  substitute  for  it  the  fi-action 
symbol. 

Thus  if  we  have  to  compare  the  ratios  2  :  8  and 
6  :  7,  we  effect  it  by  comparing  the  fractions  f  and  |.. 

215.  Ratios  are  compounded  by  multiplying  together 
the  fractions  by  which  they  are  represented,  and  ex- 
pressing the  resulting  fraction  as  a  ratio. 

Thus  the  ratio  compounded  of  2  :  8  and  5  :  7  is 
10  :  21. 

2  and  8  are  called  the  Teems  of  the  ratio  2  :  8. 

2  is  called  the  Antecedent  and  8  the  Consequent  of 
the  ratio. 

216.  Eatios  are  either  direct  or  invert, 

A  direct  ratio  is  the  quotient  of  the  antecedent  divi- 
dfrd  by  the  consequent. 

An  inverse  ratio,  or  reciprocal  ratio,  is  the  quotient  of 
tjbfi  consequent  divided  by  the  antecedent. 

Examples-    (cxvi) 

(1)  Compare  the  ratios  2 : 6  and  4 : 9. 

(2)  Compare  the  ratios  17  :  39  and  19 :  41. 

(8)  Compare  the  ratios  4:7,  8  :  15  and  13  :  24. 

(4)  Compound  the  ratios  5  : 7,  13 :  16,  21 ;  91,  and  45 :  52. 
(6)  Compound  the  ratios  3^  :  4,  3^  :  7,  l\  :  3i,  2^  :  If. 

(6)  If  the  ratio  be  26  and  the  consequent  $1.26,  what  is 
the  antecedent  ? 

(7)  How  much  does  the  ratio  36x4x3:12x16x2  exceed 
that  of  60-4- (3x6) :  20x2 -f- 8  ? 

(9)  What  is  the  ricprocal  ratio  of  i  :  ^  ;  of  2i  :  7*9  ? 

(9)  A  owns  a  farm  of  180  acres.  There  are  86  sq.  miles 
in  the  township  in  which  it  is  situated.  What  is  the  rel*- 
tsoa  of  the  latter  to  the  formei*  ? 


(10)  The  ratio  63  :  52  results  from  compounding  four 
ratios  togetlier;  three  of  these  are  7  :  8,  12  :  15,  and  ^  :  i; 
express  the  fourth  ratio  in  its  simplest  form. 

(11)  What  effect  has  adding  the  same  quantity  to  both 
terms  of  a  ratio. 

PROPORTION, 

Sl7.  PropopwTion  consists  in  the  equality  of  two  ratios. 

The  Arithmetical  test  of  Proportion  is  therefore  tJutt 
the  two  fractions  representing  the  ratios  must  be  equal. 

Thus  the  ratio  6  :  12  is  equal  to  the  ratio  4  :  8,  be- 
cause the  fraction  -^^  =  the  fraction  J. 

The  four  numbers  6,  12,  4,  8,  written  in  the  order  in 
which  they  stand  in  the  ratios,  are  said  to  be  in  propor- 
tion^ or  proportionals  J  and  this  relation  is  thus  ex- 
pressed— 

6  :  12  =  4  :  8. 
The  two  terms  6  and  8  are  called  the  Extremes. 
12  and  4  the  Means. 

The  sign  of  equality  is  usually  expressed  thus,  ::  and 
then  the  ratios  read  6  is  12  as  4  is  to  8. 

218.  When  four  numbers  are  in  proportion, 
the  product  of  the  extremes  =  the  product  of  the  means. 

For  example,  if  6  :  12  ::     4:8 
6  X  8  :=  i2  X4 
For,  since  i^.,  =  ^^  by  hypothesis. 


and 

e  X  s 

I-' X  8 

= 

A. 

and 

4x1'.' 
Vx  12 
6x8 

= 

1; 

4x12 

••12X8  8x12 

Now  the  denominators  of  these  fractions  are  equal, 
and  therefore  the  numerators  must  also  be  equal,  that 
is 

6  X  8  =-  4  X  12 

From  this  it  is  evident  that  if  three  out  of  the  four 
numbers  that  form  a  proportion  are  given,  we  can  find 
the  fourth. 


&•  C^)-  ^Fincl  a  fourth  proportional  to  8, 16,  7. 
8  :  16  =  7  :  number  required, 
•*.  8  X  number  required  —  16  x  7, 
.*.  number  required  =  lAiU  —  85. 

Ex,  (2),  What  number  has  the  same  ratio  to  9  that 
8haBto6? 

3:6  =  number  required  :  9, 

l\  5  X  number  required  =  3X9, 

.%  number  required  =  y^  ==  6|. 

219.  Three  numbers  are  said  to  be  in  Continued 
Pbopoetion  when  the  ratio  of  the  first  to  the  second  is 
equal  to  the  ratio  of  the  second  to  the  third. 

Thus  8,  6, 12  are  continued  proportion, 
for  f  =  A- 

The  second  number  is  called  a  Mean  Peopobtional 
b^ween  the  first  and  the  third. 
Ex*  Eind  a  mean  proportional  between  6  and  24. 
6 :  required  number  =  required  number  :  24  ; 
.•.  required  nxmiber  X  required  number  =:  6  X  24  ; 
.'.  square  of  required  number  =  144, 
.•.  required  number  is  12. 

220.  When  two  quantities  are  connected  in  such  a 

way,  that  when  one  is  increased  2,  8,  times,  the 

other  is  also  increased  2,  8,  times,  they  are  in 

direct  proportion. 

For  example,  if  1  lb.  of  sugar  cost  9  cents, 
2  lbs.  wiU  cost  2x9  cents, 
8  lbs.        "       8x9  cents; 
hence  7  lbs.        "       7x9  cents. 
And  26  lbs.        "      25  x  9  cents, 
.'.  7  lbs.  :  25  lbs.  : :  7  X  9  cents  :  25  x  9  cents. 
That  is,  the  cost  of  sugar  is  directly  proportional  to  its 
tffeight. 

221.  When  two  quantities  are  connected  in  such  a 

way,  that  when  one  is  increased  2,  8,  times,  the 

other  is  diminished  2,  8, times,  they  are  inversely 


pi^titioual ;  thus,  if  one  man  can  mow  a  field  in  12 
dhyfy,  ir  men  can  mow  it  in  haK  the  time,  or  in  V  days ; 
8  men  in  k  ibird  of  the  time,  or  in  y  days,  &c 

hence  foDi  >:^en  can  mow  it  in  -j-  days ; 

and  12  "  "  H  days; 

.'.      4  men :  12  men  :  :  \^  days  :  ^  days ; 
that  is,  the  ^vumher  of  men  required  to  do  a   certain  work  is 
inversely  prop<,isional  to  the  number  of  days,  or  vic^  versa. 

Examples,    (cxvii) 

(1)  Arrange  4,  %  9  and  12  so  that  they  may  be  in  propor- 
tion. 

(2)  Find  the  second  term  wBten  18,  2-*6  and  1*8  are  the 
other  3  termc  4>1  »  j>Toportion. 

(3)  Find  a  majin  proportional  to  '038  and  •00152. 

(4)  If  ^=»3i  ol  h\  and  0=5^  of  JB,  find  the  ratio  of  A 
ioC. 

(5)  Find  a  fourth  jrvDportional  to  6,  7,  and  15. 

(6)  Find  a  fourth  p-rop^/rtional  to  f ,  ^,  and  f . 

(7)  Find  a  fourth  proportional  to  -3,  'IG,  and  '09. 

(8)  Find  a  mean  propor*ional  to  14  and  56. 

(9)  Find  a  mean  propoi  tlonal  to  ^  'Bnd  f  f . 

(10)  Divide  $1587  among  A,  B,  C,  D,  so  that  A's  sharn 
:  to  B's  share  =6:6,  B\  «h«tre  :  &»  share  =  4:3,  and  C* 
share  :  D^s  share  =  3:2. 

SIMPLE   PROPORTIOiS  OR  RULE  OF  THREE. 

222.  When  Three  terms  isf  a  proportion  are  given  to 
find  the  fowrtli  it  is  a  Smpr-a  Propoetion.  In  a  simple 
]jroportion  we  have  two  ratios  given ;  one  of  these  has 
both  terms,  the  other  is  incomplete,  having  only  one 
term.  Two  of  the  given  terms  must  be  of  one  kind  and 
the  third  and  the  answer  of  another  kind. 

Ex.  (1).  If  5  horses  eat  20  bushels  of  oats  in  a  given 
time,  how  many  bushels  will  8  horses  eat  in  the  same 
time  ? 

Here  the  number  of  bushels  consumed  is  directly 
proportional  to  the  number  of  horses, 

hence  5  :  8  ::   20  bu.  :  bu.  required; 

;.  bn.  required  =  *-^  =82. 


Ex  (2).  If  6  men  can  do  a  piece  of  work  in  6  days, 
in  what  time  can  9  men  do, the  same  work  ? 

Here  the  time  is  inversely  proportioned  to  the  numbei 
of  men, 

hence  9  :  6   ::   5  days  :  days  required ; 

.*,  days  required  =  -^  =  8^. 

Ex.  (8).  n  8  cwt.  1  qr.  of  hay  cost  $2.21,  what 
should  8  t.  5  cwt.  cost  ? 

Here  the  cost  is  directly  proportional  to  the  quantity. 

Hence  8  cwt.  1  qr.  :  St.  5  cwt.   ::   $2.21   :  dollars 
required ; 

Here  we  reduce  the  1st  and  2nd  terms  to  the 
common  denomination,  quarters,  and  the  proportion  be- 
comes 

18  :   260   ::   $2.21   :  dollars  required; 

.-.  DoUarsrequired=  tiox^  =$44.20. 

From  these  examples  we  deduce  the  following  rule  : 

Write  the  given  number  that  is  of  the  same  Icind  as  the 
required  fourth  term,,  for  the  third  term  of  the  proportion. 
Then  consider  from  the  nature  of  the  question  whether  the 
answer  is  to  he  greater  or  less  than  the  third  term.  IJ 
greater,  place  the  larger  of  the  two  remaining  numbers  in 
the  second  place ;  if  less,  in  the  first.  Then  having  re- 
dv^ed  thefrst  and  second  terms  to  the  same  denomination, 
multiply  the  second  and  third  terms  together,  and  divide 
the  product  by  the  first  term,.  The  quotient  will  be  the 
answer  required. 

Note. — After  the  third  term  has  been  written  down 
the  order  of  the  other  two  may  be  ascertained  by  a 
question.  Thus,  in  Ex.  (1) :  "  n  5  horses  eat  20  bu., 
will  8  horses  eat  more  or  less  than  20  bu.  ?"  More  ; 
hence  5:8.  In  Ex.  (2) :  **  If  6  men  do  a  piece  of  work 
in  5  days,  will  it  take  9  men  a  longer  or  shorter  period 
than  5  days  ?"     Shorter  ;  hence  9  :  6, 
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£xunpl6l.    (oxYiii) 

(1)  A  person  after  paying  an  income  tax  of  Id.  in  the  £1 
has  a  net  inoome  of  £1247.  10«.  6d. ;  what  was  his  gross 
income  ? 

(2)  A  wAtoh  which  is  10  minutes  too  fast  at  12  o'clock 
noon  on  Monday,  gains  3m.  10s.  a  day ;  what  will  be  the 
time  by  the  watch  at  a  quarter  past  10  a.m.  on  the  following 
Saturday  ? 

(3)  In  running  a  3  mile  race  on  a  course  ^  of  a  mile  round, 
A  overlaps  B  at  the  middle  of  the  7th  round.  By  what 
distance  will  A  win  at  the  same  rate  of  running  ? 

(4)  A  watch  was  6^  min.  slow  at  noon  ;  it  loses  12  min. 
in  20^  hours  ;  find  the  true  time  when  its  hands  are  together 
for  the  fourth  time  after  noon. 

(6)  If  4  men  or  6  women  or  9  boys  can  perform  a  piece  of 
work  in  27^  days,  in  what  time  can  (1)  5  men  and  9  women 
perform  it  ?  and  (2)  6  men  and  8  boys  perform  it  ? 

(6)  If  14f  shares  of  a  property  are  worth  $116.16,  what  are 
5|  shares  worth  ? 

(7)  A  floor  can  be  covered  by  32^  yards  of  carpet  7  quar- 
ters wide ;  how  many  yards  of  Brussels  carpet  26  in  width 
will  cover  the  same  room  ? 

(8)  Two  clocks,  of  which  one  gains  4m.  16s.  and  the  other 
loses  3m.  15  s.  in  24  hours,  were  both  within  2^  min  of  the 
true  time,  the  former  fast  and  the  latter  slow,  at  noon  on 
Monday  ;  they  now  differ  from  one  another  by  half  an  hour  ; 
find  the  day  of  the  week  and  the  hour  of  the  day. 

(9)  If  6336  stones  3J  ft.  long  complete  a  certain  quantity 
of  wall,  how  many  similar  stones  of  2f  ft.  long  will  raise  a 
like  quantity  ? 

(10)  A  besieged  town,  containing  22400  inhabitants,  has 
provisions  to  last  3  weeks  ;  how  many  must  be  sent  away 
th&t  they  may  be  able  to  hold  out  7  weeks  ? 

COMPOUND  PROPORTION, 

223.  Whereat??,  seven,  nine,  &c.,  terms  of  a  propor- 
tion ao-e  given  to  fiind  a  sixth,  eighth,  tenth,  &c.,  term  it 
is  called  Compound  Peopobtion  ob  the  Double  Bulk  of 
Thbbk. 

In  Compound  Proportion  there  are  three  or  more 
ratios  given,  all  being  complete  but  o»e. 
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A  Oompomid  Proportion  is  produced  by  multiplying 
together  tiie  corresponding  terms  of  two  or  more  simple 
proportions. 

Thus,  12  :    6  : :      4:2 
9:8::      6:2 

6  :    4  : :    10  :    8  multiplied  together  produce 
the  proportion  640  :  72  : :  240  :  32. 

Ex.  If  6  men  in  8  days,  working  10  hours  a  day, 
can  reap  24  acres  of  wheat,  how  many  acres  could  10 
men  reap  in  15  days  of  12  hours  each  ? 

6    :  10      : :  24  :  acres  required 
8    :  15 
10    :  12 


480    :  1800  : :  24  :  arces  required. 
.-.  acres  required  =  ^^^^^^^  =  90. 

24  the  term  of  the  imperfect  raito  is  put  in  the  8rd 
place  ;  the  other  ratios  are  then  considered  separately 
and  treated  as  in  Simple  Proportion.  After  all  the 
ratios  have  been  stated,  all  the  first  terms  are  multi- 
plied together  for  a  new  first  term  and  similarly  with 
the  second  terms.  The  answer  is  then  got  as  in  Simple 
Proportion. 

Note.  I. — ^Before  compounding  the  complete  ratios  it 
is  convenient  to  cancel  aU  the  factors  common  to  the 
first  terms,  and  to  the  2nd  or  8rd  terms.  When  any  of 
the  1st  and  2nd  terms  are  not  of  the  same  denomina- 
tion they  must  be  reduced  to  a  common  denomination 
before  proceeding  with  the  solution. 

Note  II. — Before  stating  the  question  it  is  conveni- 
ent to  write  down  the  terms  of  the  supposition  under 
one  another  and  opposite  these  to  place  the  correspond- 
ing terms  of  the  demand  with  an  x  opposite  the  term 
of  the  same  name  as  the  answer  required. 

Thus,  in  the  above  example  6  men    10, 

8  days  15, 
10  hours  12, 
14  %oreB   ?;. 
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Examples   (cm) 

{1^  If  18  men  in  12  days  build  a  wall  40  feet  long,  8  feei 
thicK,  and  16  feet  Mgh,  how  many  men  must  be  employed 
to  build  a  wall  120  yards  long,  8  feet  thick,  and  10  feet  high, 
in  60  days  ? 

(2)  An  engineer  engages  to  complete  a  tunnel  8f  miles 
long  in  2  years  10  months  ;  for  a  year  and  a  half  he  em- 
ploys 1200  men,  and  then  finds  he  has  completed  only  three- 
eighths  of  his  work ;  how  many  additional  men  must  he 
employ  to  complete  it  in  the  required  time  ? 

(8)  Two  sets  of  men  perform  the  same  amount  of  work. 
Each  m&n  in  the  first  set  is  stronger  than  each  one  in  the 
second  in  the  ratio  of  7  to  6;  the  first  set  works  6  days  a 
week  for  10  weeks,  and  the  second  set  5  days  a  week  for  7 
weeks.  K  there  are  9  men  in  the  first  set,  how  many  are 
there  in  the  second  ? 

(4)  If  20  men  can  excavate  185  cubic  yards  of  earth  in  9 
hours,  how  many  men  could  do  half  the  work  in  a  fifth  of 
the  time  ? 

(6)  At  the  siege  of  Sebastopol  it  was  found  that  a  certain 
length  of  trench  could  be  dug  by  the  soldiers  and  navvies  in 
4  days,  but  that  when  only  half  the  navvies  were  present  it 
required  7  days  to  dig  the  same  length  of  trench.  Compare 
the  amount  of  work  done  by  the  navvies  with  that  done  by 
the  soldiers. 

(6)  Two  elephants  which  are  ten  in  length,  9  in  breadth, 
36  in  girt,  and  7  in  height,  consume  one  drona  of  grain ; 
how  much  will  be  the  rations  of  10  other  elephants,  which 
are  a  quarter  more  in  length  and  other  dimensions  ? 

(7)  How  many  revolutions  will  be  made  by  a  wheel  which 
revolves  at  the  rate  of  860  revolutions  in  7  minutes,  wliile 
another  wheel,  which  revolves  at  the  rate  of  470  in  8  min., 
makes  658  revolutions  ? 

(8)  A  piece  of  work  is  to  be  done  in  86  days ;  15  men 
work  at  it  15  hours  a  day,  but  after  24  days  only  f  of  it  is 
done ;  if  three  more  men  are  put  on,  how  many  hours  a  day 
must  all  work  to  finish  it  in  the  given  time  ? 

(9)  If  248  men,  in  5^  days  of  12  hours  each,  dig  a  ditch  of 
7  aegrees  of  hardness,  282^  yds.  long,  8|  yds.  wide,  and  2^ 
yds.  deep  ;  in  how  many  days  of  9  hours  each,  will  24  men 
dig  a  ditch  of  4  degrees  of  hardness,  887^  yds.  long,  5^  yds. 
wide,  and  8^  yds.  deep? 

(10)  If  5  compositors  in  16  days  of  11  hours  each,  can 
compose  25  sheets  of  24  pages  in  a  sheet,  44  lines  in  a  page. 
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and  40  letters  in  a  line,  in  how  many  days  of  10  hours  each, 
can  9  compositors  compose  a  volume  (to  be  printed  in  the 
same  kind  of  type),  consisting  of  36  sheets,  16  pages  to  a 
sheet,  50  lines  to  a  page,  and  45  letters  to  a  Una  ? 

XXXII.    The  Metric  System. 

224-  The  Metric  System  of  Weights  and  Measures  is 
now  in  use  in  many  countries  of  Europe.  The  follow- 
ing is  an  account  of  the  system  as  it  is  established  in 
France,  where  it  originated  at  the  end  of  the  last 
century. 

/  The  basis  of  all  measurement  is  the  Metee,  a  measure 
of  length  equal  to  the  ten-millionth  part  of  the  distance 
from  the  North  Pole  to  the  Equator.  ^^ 

The  length  of  the  Metre  in  EngUsh  Measure  is  89.37 
inches,  nearly.  ) 

Units  of  Metric  Measure*. 

1.  Length. — The  Metbe. 

2.  Surface. — The  Are  =  100  square  metres. 
8.  Solidity. — The  Sterb  =  1  cubic  metre. 

4.  Capacity. — The  Litre  =  the  cube,  of  the  tenth 
part  of  a  metre. 

5.  Weight. — The  Gramme,  which  is  the  weight  of  a 
quantity  of  distilled  water  which  fills  the  cube  of  the 
hundredth  part  of  a  metre. 

The  Tables  of  Weights  and  Measures  under  the  Metric 
System  are  constructed  upon  one  uniform  principle. 
Prefixes  derived  from  Greek  and  Latin  are  attached  to 
each  of  the  units. 

Qre^k  Frefixes, 


Deca  stands  for  10  times 

Hecto  stands  for  100  times 
Kilo  stands  for  1000  times 
Myria  stands  for  10000  times 


-the  unit. 


Latin  Prefixes. 
Deci  stands  for  the        10th  part^ 
Centi  stands  for  the    100th  part  V  of  the  unit. 
MilU  stands  for  the     1000th  part) 
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fhns, 

A  decametre  =  10  metres. 

A  hectolitre  =  100  litres. 

A  kilogramme  =  1000  grammes. 

A  myriametre  =  10000  metres. 

ilflO,  \ 

A  decilitre  =  '1  litre. 

A  centimetre      =  -01  metre. 
A  milligram  me  =  •OOl  gramme. 
Note. — In  English  measnreg  the  following  are  roTSji|;h   ap- 
proximations of  some  of  the  French  measures  : 
The  Kilogramme  is  about  2\  lb.  Avoird. 
The  Litre  is  about  If  pints. 

The  Kilometre     is  about  6    furlongs. 
The  Hectare         is  about  2^  acres. 

MEASURES  OF  LENGTH, 

10  decimetres  (dcm.) 1  metre  (m.). 

100  centimetres  (cm.) *' 

1000  millimetres  (mm.) *• 

1000  metres 1  kilometre. 

1  inch  =  2.539954  centimetres. 
1  foot    =  3-047946  decimetres. 
1  yard  =  0  •914888  metres. 
1  mile  =  1-609316  kilometres. 
Note. — A  rough  rule  for  converting  French  metres  into 
EngHsh  yards  is  to  add  10  per  cent,  to  them.    Thus  40 
metres  are  nearly  equal  to  44  yards. 

MEASURES  OF  SURFACE, 
100  square  decimetres  (sq.  dom.)  =  1  square  metre  or 

oentiare  (sq.  m.) 
10000      "      centimetres  (sq.  cm.)  =  " 

lOOOOOO      "      millimetres  Csq.nam.)  =  " 

100  square  metres 1    are. 

10000  "  1    hectare. 

1  square  inch  =  6-4618669    sq.  cm. 
1       "      foot  =  9-2899683    sq.  dcm. 
I      "      yard  =  0-88609716  sq.  m. 
1      *•      acre  ==  0-40467101  hectare. 
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MEASURES  OF  GAPAGIT7. 

1000  cubic  decimetres  (ob.  dcm.)...l  cubic  metre  or  atere, 
1000000  cubic  centimetres  (cb.  cm.)  " 

1000000000  cubic  milltmetrea  (cb.  mm.)       " 

1  cubic  decimetre 1  litre. 

1     "      inch  =  16-886176  cb.  cm. 

1     '-'      foot  =  28-815312  dcm. 

1  gaUon         =  4-64846797  Htrea. 

MEASURES  OF  WEIGHT, 

1  cubic  centimetre  of  diatiUed  water  at  4'*C.  at  the  sea's 
level  in  the  latitude  of  Paris  is  1  gram  (grm.) 
1000  cubic  centimetres  of  disfilled  water  weighed  undear 

the  same  conditions 1  kilogram  (kilo.) 

1000  grams  (grms.)  1  kilogram. 
10000  decigrams   ....  " 

100000  centigrams  ...  " 

1000000  milligrams  ....  ** 

1  grain    =    0-06479895  gram. 
Itroyoz.  =  81*103496      grams. 
1  lb.  avd.  =    0-45359265  kilo. 
1  cwt.      =-  60-80287689  kilos. 

Examples-   (cxz) 

(1)  What  is  the  fundamental  unit  im  this  system  ?  Whence 
and  why  was  it  chosen  ? 

(2)  Name  the  units  of  weight  and  capacity,  and  show  how 
larger  and  smaller  measures  are  attained. 

(8)  Give  the  English  equivalents  of  a  kilometre  and  kilo- 
gram. 

(4)  How  many  millimetres  are  contained  in  6  metres  ? 

(6)  How  many  decimetres  are  equivalent  to  106725 
millimetres  ? 

(6)  Eequirod  the  number  of  milKgrams  in  16  cb.  cm.  of 
water  measured  at  4®C.  ? 

(7)  How  many  milUmetres  and  centimetres  are  repective* 
ly  contained  in  0.437  of  a  decimetre. 

(8)  How  many  square  centimetres  are  there  in  15.6 
Rquare  metres  ? 
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(9)  How  many  sqnare  decimetres  are  contained  in 
108642  Bquare  centimetres  ? 

(10)  Define  the  gram  and  litre.  How  many  grams  are 
contained  in  1.725  kjlogramis  ? 

(11)  How  many  milligrams  are  there  in  a  decigram  ?  How 
many  decigrams  in  a  kilogram  ? 

(12)  How  many  centigrams  are  contained  in  2.567  kilo- 
grams? 

(13)  Kequired  the  number  of  milligrams  contained  in  5 
oulic  centimetres  of  water  measured  at  49G. 

(14)  In  an  English  inch  are  contained  25.8995  millimetres. 
How  many  kilometres  are  there  in  a  mile  ? 

(15)  A  gallon  is  equal  to  4 .543  litres.  How  many  cubic 
-jentimetres  are  contained  in  one  pint'? 

(16)  Three  pipes  famish  respectively  80  litres,  45  litres, 
fknd  80  litres  an  hour.  What  quantity  of  water  do  they  sup- 
ply together  in  24  hours  ? 

XXXIII.    Measurement  of  Area. 

225.  The  Unit  of  Measurement,  by  which  we  measure 
Area  or  Surface,  is  derived  from  the  unit  of  Length. 
Thus,  if  we  take  an  inch  as  the  unit  of  length,  and  con- 
struct a  sqnare  whose  side  is  an  inch,  this  Squai-e  Inch 
may  be  taken  as  the  Unit  of  Area,  and  the  measure  of 
any  given  area  will  be  the  number  of  timers  it  contains 
this  unit,  in  accordance  with  the  remarks  in  Ai-t.  58. 

Let  AI3DG  be  a  rectangle,  and  let  the  side  AB  be 
4  inches  in  length,  and  the  side  AC  8  inches  in  length,. 

A  B 


Ci 
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Then,  if  the  Unit  of  Length  be  an  inch,  the  mmsv/re  of 
AJ3  is  4,  and  the  measwre  of  AC  is  8. 

Divide  AB,  AC  into  four  and  three  eqnal  parts  respec- 
tively, and  draw  lines  through  the  points  of  division 
parallel  to  AC,  AB  respectively.  Then  the  rectangle 
ABDC  is  divided  into  a  number  of  equal  squares,  each 
of  which  is  a  square  inch. 

If  one  of  these  squares  be  taken  as  the  Unit  of  Area, 
the  measure  of  the  area  of  ABDC  will  be  the  number  of 
these  squares. 

Now  this  number  is  the  same  as  that   obtained  by 
multiplying  the  measure  of  AB  by  the  measure  of  AC  : 
that  is,  measure  of  ABDC  =  3X4  =  12 ; 
.'.  area  of  ABDC  is  12  square  inches. 
Hence  to  find  the  area  of  a  rectangle  we  multiply  the 
measure  of  the  length  by  the  measure  of  the  breadth, 
and  the  product  will  be  the  measure  of  the  area. 

Ex.  (1).  A  rectangular  garden  is  48  feet  long  and  25 
feet  broad,  what  is  its  area  ? 

Taking  a  foot  as  the  unit  of  length,  and  therefore  a  square 
foot  as  the  unit  of  area, 

measure  of  the  area  =  48x25  =  1200 ; 
.*.  the  area  is  1200  square  feet. 

Ex.  (2).  A  rectangular  board  is  2  ft.  7  in.  long  and  1 
ft.  4  in.  broad,  what  is  the  area  ol  its  surface  ? 

Taking  1  inoh  as  the  unit  of  length,  and  therefore  1  square 
inch  as  the  unit  of  area, 

measure  of  the  area  =  31 X 16  =  496 ; 
.*.  the  area  is  496  square  inches. 
Or  we  might  take  1  foot  as  the  unit  of  length,  and  then 

measure  of  KrQtk-^.^  x  lJ=f|^J  =  3^  =  8$  : 

. '.  the  area  is  8|  square  feet. 

Ex.  (8).  The  length  of  the  side  of  a  square  oroqaet- 
ground  is  49  yards,  what  is  its  area  ? 
Taking  1  yard  as  a  unit  of  length, 

area  =  (49  X  49)  sq.  yds.  -  2401  sq.  yds. 
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NoTK. — Observe  the  difference  between  the  expres- 
sions 49  ya/rdh  square  and  49  square  yards.  The  formei 
refers  to  a  square  whose  side  is  49  yards,  and  whose 
area  is  2401  square  yards,  the  latter  to  a  surface  whose 
aiea  is  49  square  yaids. 

Ex.  (4).  A  rectangular  bowhng-green  is  56  yards  long 
and  42  yards  broad.  Find  the  distance  from  corner  to 
corner. 

By  Euchd  I.  47,  we  know  that  in  a  right-angled  tri- 
angle the  square  mi  the  side  opposite  the  rigiifc  angle  is 
equal  to  the  sum  of  the  squares  on  the  sides  containing 
the  right  angle. 

Hence  the  square  of  the  measui-e  of  the  side  opposite 
the  right  angle  is  equal  to  the  sum  of  the  squares  of  the 
measures  of  the  sides  containing  the  right  angle. 
Thus  in  our  present  example, 
square  of  measure  of  distanca  from  comer  to  comer 
=  (66  X  56)  +  (42  X  42)  ==  4900  ; 
.*.  distance  la  70  yards. 

Examples,    (cxxi) 

Find  the  area  of  the  rectangles  having  the  following 
dimensions  : 

(1)  7  ft.  by  5  ft.  (2)  13^  ft.  by  10  ft. 

(3)  22i  ft.  by  13^  ft.  (4)  6  ft.  4  in.  by  2  ft.  8  in. 

(5)  17  ft.  6  in.  by  8  yd.  2  ft.     (6)  5  yd.  1  ft.  by  4  yd.  2  ft 

(7)  12  yd.  2  ft.  by  5  yd.  1  ft. 

(8)  6  yd.  2  ft.  8  in.  by  2  yd.  1  ft.  5  in. 

(9)  7  yd.  2  ft.  by  6  yd.  2  ft.  6  in. 

Find  the  area  of  the  squares  whose  sides  have  tJie 
following  lengths  : 

(10)  5iytl.  (11)     87iyd.  (12)     17|  ft.     . 
(13)    29i  ft.            (14)    9  ft.  7  in.        (15)     8  ft.  4  in. 
(16)     7  yd.  1  ft.  6  m.                    (17)     15  yd.  2  ft.  3  in. 
Find  the  breadth  of  the  following  rectangles,  having 

given  the  area  and  length  : 

(18)  Area  176  Bq.  ft.,  length  11  ft. 

(19)  Area  71  sq.  ft.  100  sq.  in.,  length  9  ft.  b  in. 
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(20)     Aj-eR  854  sq.  ft.  84  aq.  in.,  length  97  A.  H  m, 

(*21)     Area  1  aero,  lenirtli  440  yd. 

{'AD     Area  5  acres,  length  '275  yd. 

(28)     Area  5  ao.  1  ro.  36  po.,  length  267  yd.  2  ft. 

"What  are  the  sides  of  the  squares  whose  aieas  are 

(24)     81  sq.  ft.  (26)     liod  sq.  ft. 

(26)     1178  sq.  yd.  7  sq.  ft.  (27)     33  ao.  4305  sq.  yd.  ? 

(28)  A  rectangular  field  is  225  yards  in  length  and  1 20 
yards  in  breadth  ;  what  will  be  the  length  of  a  straight  path 
from  corner  to  comer  ? 

(29)  A  rectangular  field  is  300  yards  long  and  200  yards 
broad ;  find  the  distance  from  corner  to  corner. 

(30)  A  rectangular  plantation,  whose  width  is  88  yards, 
contains  2^  acres  ;  find  the  distance  from  comer  to  corner. 

(81)  What  is  the  length  of  the  diagonal  of  a  square,  whose 
side  is  5  inches  ? 

(32)  The  area  of  a  square  is  890626  square  feet ;  what  is 
the  length  of  the  diagonal  ? 

CARPETING  ROOMS. 

226.  If  we  know  the  area  of  the  floor  of  a  room,  we 
know  how  many  square  inches  of  carpet  will  be  required 
to  cover  it.  Carpets  are  sold  in  strips,  and  when  the 
width  of  a  strip  is  known,  we  shall  know  how  much 
length  of  carpet  will  be  required  to  cover  a  given  sur- 
face. 

For  instance,  if  the  surface  be  162  square  feet,  and  the 
carpet  selected  be  27  inches  wide,  we  reason  thus  : 
162  sq.  ft.  ==  162  X  144  sq.  inches ; 
.•.  length  of  carpet  required  =  —-—^-^  in.  =.  864  in. 

=  24  yards. 
Then  we  find  the  cost  of  24  yards  at  $1.20  per  yard  to  be 
^28.80. 

Examples,  (ondi) 
How  many  yards  of  carpet,    27   inches  wide,   will 
be  required  for  rooms  whose  dimensions  are ; 

(1)  16  ft.  by  18  ft.  (2)  26  ft.  by  12  ft.  6  in. 

(8)  22  ft.  4  m.  by  20  ft.  8  in.     (4)  27  ft.  by  14^  ft. 
(6)  36  it,  4  in.  by  27  feet  8  in. 
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Find  the  expense  of  carpeting  rooms  wnose  dimen- 
eions  are  : 

(6)  18  ft.  b}'  14  ft.  with  carpet  30  inches  wide,  at  $1  a  yd. 

(7)  22  ft.  by  15^  ft,,  with  carpet  27  inches  wide,  at  §1.80 
a  yard. 

(8)  29  ft.  9  in.  by  23  ft.  6  in.,  with  carpet  a  yard  wide,  at 
SI. 08  a  yard. 

(9)  34  ft.  8  in.  by  13  ft.  3  in.,  wj.th  carpet  f  yard  wide,  at 
3s.  4:^(1.  a  yard. 

PAPERING  THE  WALLS  OF  A  ROOM. 

227.  To  find  the  quantity  of  paper  required  to  cover 
me  wall  of  a  room,  we  find  the  area  of  the  surface  of  the 
wall  by  taking  the  product  of  the  measures  of  the  length 
and  breadth  of  that  wall,  the  latter  being  the  same  as 
the  heiglit  of  the  room.  Hence  we  shall  find  the  area 
of  the /o2/r  walls  of  the  room  if  we  take  the  measure  of 
the  compass  of  the  room  and  multiply  it  hy  the  m£(isure  of 
the  heiyht. 

By  the  compass  of  a  room  we  mean  .  the  length  of  a 
string  stretched  tight  on  the  floor,  going  all  round  the 
room. 

Deductions  for  doors  and  wmdows  and  fireplace  must 
be  made  in  practice. 

Suppose  then  we  have  to  find  how  much  paper  is  re- 
quired for  the  walls  of  a  room,  whose  length  is  22  ft.  8 
in.,  breadth  17  ft.  4  in.  and  height  9  ft.  6  in. 

We  first  find  the  compass  of  the  room  tlius : 
ft.     in. 


22  .  3 

17  .  4 
22  .  3 
17  .  4 


dimensions  of  the  four  sides. 


79  .  2     compass  of  the  room. 
To  get  the  area  of  paper  required,  we  multiply  the 
.  asure  of  the  compass  of  the  room  by  the  measure  of 
tiie  height,  thus  : 
area  =(9|  X  79^)  sq.  ft.  =1=  ^-^f— -^  sq.ft.  =  752,^=,  sq.  ft. 
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Note. — Papers,  like  carpets,  are  sold  in  strips,  and  ii 
we  know  the  width  of  a  strip  we  shall  know  how  many 
feet  in  length  will  be  required  to  cover  a  given  surface. 

Thus,  in  the  room  under  consideration,  if  the  paper  be  20 
inches  wide, 
length  of  paper  required  =-(15%,'^^^){L^  ^^  ft-  =451^  ft. 

Examples,    (oxxiii) 
How  many  square  feet  of  paper  will  be  required  for 
rooms  whose  dimensions  are  : 

(1)  Length,  19  ft. ;  breadth,  16  ft. ;  height,  9  ft.  ? 

(2)  Length,  24^  ft. ;  breadth,  13^  ft. ;  height,  10  ft.  ? 

(8)  Length,  25  ft.  7  id.  ;  breadth,  19  ft.  4  in. ;  height, 
9  ft.  9  in.  ? 

<4)  Length,  28  ft.  6  in. ;  breadth,  18  ft,  7  in. ;  height, 
9  ft.  6  in.  ? 

Find  ihe  expense  of  papering  rooms  whose  dimen- 
sions are  : 

(5)  Length,  18  ft.;  breadth,  14  ft.  ;  height,  8  ft.;  with 
pf^per  16  incheE  wide,  at  20  cents  a  yard. 

(6)  Length,  20  ft.  6  in. ;  breadth,  17  ft.  4  in.;  height,  9ft.; 
with  paper  20  inches  wide,  at  10  cents  a  yard. 

(7)  Length,  80  ft.  Sin.;  breadth,  26  ft.  6  in.;  height,  10ft. 
^  in.;  with  paper  2  ft.  wide,  at  Sd.  a  yard. 

(8)  Length,  26  ft. ;  breadth,  21  ft. ;  height,  10  ft. ;  n^th 
paper  20  inches  wide  at  9d.  a  yard,  allowing  for  a  fin  ^.lace 
which  ip  5  ft.  8  in.  by  4  ft.,  a  door  which  is  7  ft.  by  4^  ft., 
;md  two  windows  each  6  ft.  by  8^  ft. 

Miscellaneous  Examples,    (cxziv) 

(1)  Find  the  cost  of  varnishing  the  floor  of  a  room  14  ft. 
4  in.  broad,  and  16  ft.  6  in.  long,  at  20  cents  per  square  yard. 

(2)  What  will  Ifoost  to  pave  an  area  146  ft.  9  in.  long  and 
^  88  ft.  9  in,  broad,  at  36  cents  per  square  yard  ? 

(3)  The  area  of  a  square  garden  is  4  roods  1  pole  29  sq. 
yd.  6^  sq.  ft.;  find  the  length  of  its  side.  J6  Zo 

(4)  Find  tlie  length  of  the  side  of  a  square  whose  area  is 
1  ro.  26  po.  28  sq.  yd.  ^  sq.  ft. 

(5)  Find  the  expense  of  turfing  a  plot  of  ground,  x^^hich  is 
40  yd.  long  and  100  ft.  wide,  with  turfs  each  a    yard    in 

i    iength  and  1  ft.  in  breadth  ;  the  turfs,  when  laid,  costing 
6«.  9d.  per  bundrod. 
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(6)  A  square  room,  whose  floor  moasnres  82  sq.  yd.  Isq.  ft., 

IB  11  ft.  6  in.  in  height :  find  the  expense  of  whitewashing  ^ 
its  ceiling  and  walls  at  6  cents  per  square  yard. 

(7)  It  costs  ^99  to  cover  the  floor  of  a  room  8^  yd.  long  ^ 
by  6|  yd.  wide,  with  carpet  2  ft.  wide.    Find  the  price  oi 
the  carpet  per  yard. 

(8)  If  ihe  cost  of  papering  a  room  8^  yd.  long  and  6|  yd.  ^ 
wide,  with  paper  2  ft.  wide  at  4d.  per  yard,  be  £2.  19a.  6ci.. 
find  the  height  of  the  room. 

(9)  A  rectangular  field,  whose  length  is  997  yd.  1  ft.,  con- 
tains  12  acres,  4087  sq.  yd.  1  sq.  ft.  Find  the  breadth  of 
the  field. 

(10)  How  many  acres  are  there  in  a  square  field  each  side  ♦^ 
of  which  is  380  yd.  ? 

(11)  The  length  of  a  room  is  21  ft.,  and  its  height  10  ft. 
G  in.,  and  the  area  of  the  floor  is  ^  of  the  area  of  the  four 
walls.     Find  the  breadth  of  the  room. 

(12)  "What  length  must  be  cut  off  a  board,  which  is  6| 
mches  broad,  that  the  area  may  contain  a  square  foot  ? 

(18)  What  is  the  expense  of  papering  a  room  4  yd.  6f  in. 
long,  8  yd.  \\\  in.  wide,  and  8  yd.  1  ft.  high,  with  paper 
half  a  yard  wide,  at  12  cents  a  yard  ? 

(14)  flow  many  stones,  each  2  feet  long  and  16^  inches 
wide,  would  be  required  to  pave  a  square  courtyard,  whose 
side  is  124  feet  ? 

(15)  What  is  the  cost  of  papering  a  room,  16  ft.  long,  12 
ft.  wide,  and  10  ft.  high,  with  paper  f  yd.  wide,  at  12^  cents 
a  yard  ? 

(16)  Find  the  cost  of  papering  a  room  21  ft.  long,  16  ft. 
wide,  and  12  ft.  high,  with  paper  2|  ft.  wide,  at  16  cents  a 
yard,  allowing  for  a  door  7  ft.  high  and  3  ft.  wide,  2  win- 
dows each  6  ft.  high  and  8  ft.  wide,  and  a  panellii]^  2  feet 
high  round  the  floor. 

(17)  The  length  of  one  side  of  a  rectangular  field  is  672 
yards,  and  the  area  of  the  field  is  60  acres  2  ro.  82  po.  Find 
the  length  of  the  other  side,  and  of  the  diagonal. 

(18)  A  rectangular  field,  800  yards  long  and  150  broad,  is 
separated  into  4  equal  parts  by  2  bands  of  trees,  20  feet  wide, 
parallel  to  the  sides.  How  large  will  each  part  be,  and  what 
will  be  the  area  covered  by  the  trees  ? 

(19)  A  room,  whose  height  is  11  feet,  and  length  twioe  its 
breadth,  takes  148  yards  of  paper  2  feet  wide  for  its  four 
walls ;  how  many  yards  of  gilt  moulding  will  be  required '/ 
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(20)  What  will  be  the  cost  of  painting  the  walls  and 
ceiling  of  a  room,  whose  height, [length,  and  breadth  are  12  ft. 
8  in.,  27  ft.  4  in.,  and  20  ft.  respectively;  at  36  cents  per 
square  yd  ? 

(21)  Find  the  expense  of  carpeting  a  room  16  ft.  9  in. 
long  and  13  ft.  4  iii.  broad,  with  cai-pet  27  inches  wide,  at 
96  cents,  per  yard. 

(22)  Find  the  cost  of  carpeting  a  room  10  yd.  2  ft.  long 
and  7  yd.  1  it.  broad,  with  carpet  f  yd.  wide,  at  $1.08  a  yard. 

(23)  If  the  cost  of  carpeting  a  room  11  yd.  long  and  8  yd. 
wide,  with  carpet  at  8«.  a  yard,  be  ^19.  I65.,  find  the  width 
of  the  carpet. 

(24)  How  many  flag-stones,  each  6*76  ft.  long  and  4*16  ft, 
J  wide,  are  requisite  for  paving  a  cloiflter,  which  incloses  a 
■    rectangular    court    46*77  yd.  long  and  41*98  yd.  wide,  the 

cloister  being  12-45  ft.  wide  ? 

XXXIV  Measurement  of  Solidity. 

228-  The  Unit  of  Measurement,  by  which  we  mea- 
sure the  Volume  of  a  Sohd  body  or  the  Capacity  of  a 
vessel,  is  derived  from  the  Unit  of  Length.  Thus,  if 
we  take  an  inch  as  the  unit  of  length,  and  construct  a 
cubPy  each  of  whose  edges  is  an  inch  in  length,  this 
Cubic  Inch  may  be  taken  as  the  Unit  of  Volume,  and 
the  measure  of  any  given  volume  will  be  the  number  of 
times  it  contains  this  unit. 

229.  Let  ABDC  be  a  rectangle,  and  let  the  side  AB 
be  4  inches  in  length,  and  the  side  AG  8  inches  in  length. 
A  B 
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Then  ABCB  v^ill  oontain  12  square  inches.  (Art.  '225. ) 

Now  suppose  we  construct  a  number  of  blocks  of 
wood,  perfect  cubes,  whose  volume  is  a  cubic  inch,  and 
place  one  of  these  on  each  side  of  the  squares  in  ABDO; 
and  then  pla<je  another  of  the  blocks  on  the  top  of  each 
of  the  first  set ;  and  so  on  till  we  have  piled  up  5  layers. 
Then  we  shall  have  constructed  a  rectangula»r  soHd, 
whose  length  k  4  inches,  breadth  3  inches,  and  depth 
or  thickness  S  inches. 

Now  the  number  of  cubic  inches  in  this  solid  we 
estimate  in  the  following  way:  for  each  of  the  squares 
in  ABDC  we  shall  have  a  pile  of  5  cubic  inches  :  there- 
fore the  number  of  cubic  inches  in  the  sohd  will  be 
6  X  12  or  60. 

Hence  we  obtain  the  following  Rule  : 

To  find  the  oubie  content  of  a  rectangular  solid,  find 
the  continued  product  of  the  measm'es  of  the  length, 
breadtii,  and  tinokness,  and  the  result  is  the  measure  of 
the  cubic  content. 

Ex.  (1).  Find  the  cubic  content  of  a  rectangular 
piece  of  timber  whose  length  is  47  ft.,  breadth  4  ft.,  and 
thickness  8  ft 

Taking  a  foot  as  the  unit  of  length,  and  therefore  a  cubic 
foot  as  the  unit  of  cubic  content, 

measure  of  cubic  content  iB«47x4x3  =  564 ; 
,*.  the  cubic  content  is  664  cubic  feet. 

Ex.  (2).  What  is  the  cubic  content  of  a  room  whose 
length  is  22  feet  6  in.,  breadth  18  ft.  8  in.,  and  height 
10  feet  ? 

Chibio  content  =  (22^  X  18^  X  10)  onbio  ft., 

Ex.  (8).  A  rectangular  sheet  of  water,  of  uniform 
depth,  is  480  yards  long,  270  yards  broad,  and  contains 
7814800  cubic  feet  of  water;  what  is  its  depth? 

Beducing  the  length  and  breadth  to  feet, 

Area  of  surface  =  (480  X  3  X  270  X  8)  sq.  a  ; 
.-.  depth  =  -  -^-»~*l-ftfi ft.  =  7  ft. 
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Examples-    fcxxv) 

Find  the  cubic  content  of  tl  t  reoimgular  solids  whose 
dimensions  are 

(I)  8  ft,  7  ft.,  6^ft .  (2)  lOi  ft,  8i  ft.,  6i  ft. 
(8)  '5  ft.  8  in.,  4  ft.  8  in.  .8  ft.  7  in. 

(4)  11  ft.  8  in.,  9  ft.  10  in.,  7  ft.  5  in. 

(6)  6  yd.  2  ft.  4  in.,  8  yd.  1  ft.  7  in.,  4  ft.  11  in. 

(6)  How  many  bricks  will  be  required  to  bnild  a  wall  76 
ft.  long,  6  ft.  high,  and  18  inches  thick ;  each  brick  being 
9  inches  long,  4^  inches  wide,  and  3  inches  deep  ? 

(7)  A  lake,  whose  area  is  45  acres,  is  covered  with  ice  8 
inches  thick  ;  find  Ishe  weight  of  the  ice  in  tons,  if  a  cubic 
foot  of  ice  weigh  920  g«.  avoird. 

(8)  If  500  men  excavate  a  basin  800  yd.  long,  600  yd. 
wide,  and  40  yd.  deep  in  4  months,  how  many  men  will  be 
required  to  excavate  a  basin  1000  yd.  long,  400  yd.  wide, 
and  50  yd.  deep  in  5  months  ? 

(9)  A  square  block  of  stone,  2  ft.  in  thickness,  is  in  cubic 
content  6  cub.  ft.  24  in. ;  what  is  the  length  of  its  edge  ? 

(10)  What  weight  of  water  will  a  rectangular  cistern  con- 
tain, the  length  being  4  ft,,  the  breadth  2  ft.  6  in.,  and  the 
depth  8  ft.  8  in.,  when  a  cubic  foot  of  water  weighs  1000  oz.  ? 

(II)  A  block  of  stone  is  4  ft.  long,  2i  ft.  broad,  and  1^  ft. 
thick ;  it  weigha  27  cwt.  Find  the  weight  of  100  cubic 
inches  of  the  stone. 

(12)  A  cubic  foot  of  water  weighs  1000  oz.  Find  the 
length  of  the  side  of  a  cubic  vessel  whose  contents  (water) 
weigh  4  tone  12  cwt.  8  qr.  10  lb.  7  oz.    (112  lbs.  =  1  cwt.) 

(18)  If  120  men  can  make  an  embankment  f  of  a  mile 
long,  80  yards  wide,  and  7  yards  high,  in  42  days,  how  many 
men  would  it  take  to  make  an  embankment  1000  yards 
long,  86  yards  wide,  and  22  feet  high,  in  80  days  ? 

(14)  A  rectangular  oistem,  9  feet  long,  5  ft.  4  in.  wide,  and 
2  ft.  8  in.  deep,  is  filled  with  liquid  which  weighs  2620 
pounds.  How  deep  must  a  rectangular  cistern  be,  which 
will  hcAd  8880  poonds  of  the  same  liquid,  ik8  length  being  8 
feet,  astSi  its  wMth  6  feet  6  inches  ? 

(16)  ¥mi.  the  cost  of  making  a  road  110  yarde  in  length, 
and  18  ft.  wide  :  ihe  soil  being  first  excavated  to  the  depth 
of  1  ft.,  ai  a  cost  ef  1«.  per  cubic  yard :  rubble  being  then 
laid  8  inches  deep,  at  1*.  per  oubie  yard,  and  gravel  placed 
im  the  top,  9  inchea  thick,  at  2«.  6d,  per  onbio  yard. 
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(1)  Find  a  number  sncli  tliat  if  it  be  added  twenty-threp 
times  to  37601  tlie  sum  will  be  40200. 

(2)  A  person  bought  500  yards  of  cloth  at  S3.20  per  yard 
and  retailed  it  at  1^3.35  per  yard  ;  what  was  liis  profit  ? 

(3j  Find  tlie  H.  C.  F.  of  372,  837,  248 ;  and  arrange  the 
three  fractious  9,  |^,  f^  in  order  of  magnitude. 

(4)  A  soldier  ta'kes  7920  paces  in  a  march  of  3f  miles ; 
find  his  length  of  pace. 

(5)  Divide  9366  farthings  into  an  equal  number  of  sover- 
eigns, half-sovereigns,  lialf-crowns  and  farthings. 

(6)  Divide  -14  by  7,  140  by  .07  and  -014.  by  7000;  add  the 
results  together,  aud  tm'u  the  decimal  into  a  vulgar  fraction. 

(7)  Simplify  the  expression  7-57  X  36  ~  2-345. 

(8)  The  polar  diameter  of  the  earth  is  4170779G  feet;  re- 
duce this  to  miles. 

(9)  If  telegi'aph  posts  are  placed  66  yards  apart,  and  a 
train  passes  one  in  every  3  seconds ;  how  many  miles  an 
hour  is  the  train  nmning  ? 

(10)  If  a  person  spends  in  four  months  as  much  as  he 
earns  in  three,  how  much  can. he  lay  by  annually,  supposing 
that  he  earns  ^420  eveiy  six  months  ? 

(11)  How  many  steps  does  a  man  whose  length  of  pace  ''^ 
32  inches  take  in  4|  miles  ? 

(12)  Divide  8^3230  between  2  men,  so  that  one  may  re  • 
ceive  a  third  as  much  again  as  the  other. 

(13)  Divide  t%V~  A~3T  by  |  +  i  —  fV;  and  express 
the  result  as  a  decimal 

(14)  Find  the  value  of 

(3i-21)->|-of  f 
2f--(i  +  i) 
and  express  the  result  as  a  decimal. 

(15)  Sunplify  the  expression  1*3  X  (2-4  4-  7-5)  4-  2-364- 
1-697. 

(16)  Keduce  11  ro.  11  po.  1]  yd.  to  inches,  and  find  what 
'^  •  tction  the  result  is  of  3  acres. 

(17)  A   is  to  receive   §1.25  a  day  every   day  he  works. 
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and  to  foi*feit  $*80  every  day  he  is  idle.  At  the  end  of 
76  days  his  wages  amount  to  $69.15  ;  how  many  days 
was  he  idle  ? 

(18)  If  24  men  can  do  a  piece  of  work  in  12  days  of  10 
hours  each,  how  many  men  can  do  three  times  as  mnoh  in 
10  days  of  8  horn's  each  ? 

(19)  If  -8  of  an  estate  is  worth  17600,  what  is  the  value  of 
*48  of  the  estate  ? 

(20)  A^  B,  and  G  start  on  a  tour,  each  with  $200  in  his 
pocket,  and  agree  to  divide  their  expenses  eqnally.  "When 
they  return,  A  has  $87.50,  B  $50.82,  and  0|16.71.  "What 
jught  A  and  B  to  pay  G  to  settle  their  accounts  ? 


(21)  Find  the  value  of 

H-A   ,  7     .  9xr.      11^ 
li+i»5      6  °^14x3       16 
and  reduce  to  its  lowest  terms  |||f . 

(22)  Express  as  vulgar  fractions  in  the  lowest  term» 
24-0026  and  -0008126  ;  and  divide  1-1214  by  6-34  and  1121-4 
by  -534. 

(23)  What  fraction  is  7  cwt.  4  lb .  of  8 tons  1  qr.  (long  ton)  ? 
Sow  often  must  one  go  round  a  square  field  of  10  acres  to 
jrun  1  mile  ? 

{24)  A  gunboat's  crew,  consisting  of  a  lieutenant,  a  gun- 
jaor,  and  16  seamen,  captured  a  prize  worth  ,£399.  7«. ;  the 
lieutenant's  share  is  10  times  and  the  gunner's  share  8  times 
AS  much  as  that  of  each  seaman.  "What  is  the  value  of  each 
e^erson's  share  ? 

f25)  Extract  the  square  root  of  167-9616,  and  of  ^^j, 

;26)  A  clock  which  loses  4  minutes  in  12  hours  is  10  min- 
ates  fast  at  midnight  on  Sunday.  What  o'clock  will  it  indi- 
cate at  6  o'clock  on  Wednesday  evening  ? 

J  27)  The  distance  between  two  wickets  was  marked  out 
^or  22  yards,  but  the  yard  measure  was  ^^  of  an  inch  too 
«ihort ;  what  was  the  actual  distance  ? 

(28)  "What  is  the  difference  between  simple  interest,  com- 
g)0und  interest,  and  discount  ?  Find  the  difference  between 
%he  simple  interest  and  the  true  discount  on  $1900  for  If 
.vears  at  8  per  cent. 

i^)  What  is  the  present  worth  of  a  bill  of  $170  due  in  4 
mo^..  reakoning  money  at  6%  p«r  acnum  ? 


(30)  Find  tlie  interest  on  $880  for  1^  years  at  4h  per  cent., 
id  the  discount  on  $^29.50  for  2  J  years,  at  2^  per  cent. 


1/8  \  "^    14 


(31)  Simplify      ^  "■*'  ^ 


(32)  Find  tlie  vulga*  fraction  equivalent  to  — :^ — 

C33)  Wliicli  is  the  better  investment,  the  3^  per  cents,  at 
91,  or  the  4  per  centd.  at  103  ? 

How  much  must  a  man  invest  in  the  former  that  he  may 
have  a  yearly  income  of  S4851,  after  paying  an'income  tax 
of  2  cents  in  the  dollar? 

(34)  Two  ships  get  Under  weigh  at  the  same  time  for  the 
same  port,  distant  1200  miles  ;  the  faster  vessel  averages  10 
knotB  an  hour,  and  arrives  at  the  port  a  day  and  a  half  before 
the  other  ;  what  will  ^le  latter  vessel  average  an  hour  ? 

(35)  Divide  $87.50  between  two  men,  so  that  one  may 
receive  half  as  much  again  as  the  other. 

(36)  A  man  has  83430  stock  in  the  3^  per  cents,  at  83^  ; 
when  the  stock  rises  2  per  cent,  he  transfers  his  capital  to 
the  4  per  cents,  at  98  j  find  the  alteration  in  his  income. 

(37)  The  weight  of  the  water  contained  in  a  rectangular 
cistern  8  ft.  long,  7.  ft.  wide,  is  93|  cwt.  If  a  cubic  foot  of 
water  weigh  lOuO  oz.^  find  the  depth  of  water  in  the  cistern. 

(38)  XL  $3  is  the  discount  off  $333  for  2  mos.,  what  was 
the  rate  X3er  cent.  ?  What  should  be  the  discount  off  #333 
for  1  year  ? 

(39)  The  height  of  a  tower  on  a  river's  bank  is  55  feet,  the 
length  of  a  line  from  the  top  to  the  opposite  bank  is  78  feet; 

iat  is  the  breadth  of^  the  river  ? 

(40)  How  many  yards  of  matting  2-4  feet  broad  will  cover 
a  floor  that  is  27-3  fee<?.  long  and  20-16  feet  broad? 


(41)  Simplify  the  fraction 

'\    "*■  111 
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.(42)  Iff  of  li  of  an  estate  be  worth  1300,  what  will  be 
'    '  _      2^     ... 
the  value  of  —r-  of  the  estate  ? . 

43.  Of  an  electric  cable  -H  rests  on  the  bottom  of  the  sea, 
-iV  hangs  in  the  water,  and  234f  yards  are  employed  on 
land :  what  is  the  length  of  the  cable  ? 

(44)  Extract  the  cube  root  of  16777216. 

(45)  At  what  price  must  an  article,  which  cost  15s.,  be 
sold  so  as  to  gain  10  per  cent.  ? 

(46)  The  number  of  disposable  seamen  at  Portsmouth  is 
800,  at  Plymouth  756,  and  at  Sheerness  404.  A  ship  is  com- 
missioned, whose  complement  is  490  seamen.  How  many 
must  be  drafted  from  each  place  so  as  to  taks  an  equal  pro- 
portion ?       ^ 

(47)  {a)  Find  the  difference  between  the  simple  and  com* 
pound  interest  of  $416. 66|  for  2  years  at  8  per  cent. 

(h)  Find  the  rate  of  interest,  when  the  discount  on  0211.60 
due  at  the  end  of  1^  years  is  $27.60. 

(48)  What  sum  will  amount  to  $3213  in  ten  years  at  8 
per  cent,  simple  interest  ? 

(49)  The  length  of  a  rectangular  field  which  contains  4  ac. 
3  ro.  14  po.  26^  sq.  yd.  is  260  yd.  1  ft.  4  in.,  what  is  its 
breadth  ? 

(50)  A  room  is  14  ft.  3  in.  high,  20  ft.  wide,  24  ft.  long, 
what  will  it  cost  to  j)aper  it  with  paper  2^  ft.  wide,  whose 
price  ll^fZ.  per  yard ;  allowing  8  ft.  by  5  ft.  3  in.  for  each  of 
four  doors,  10  ft.  by  6  ft.  8  in.  for  each  of  two  windows,  and 
6  ft.  6  in.  by  5  ft.  for  a  fireplace  ? 


ea. 


(51)  Simplify  the  fraction 

3-i  .  2-i 
3+i  2  +  .^ 
3+i  -2+i 
3=1  ^^  2"-=4 

(52)  Find  tht,      »ue  of 

•003  ot  £1  5s.  +  -069  of  £5  --"S  of  2s.  Sd. 

(53)  If  f  of  the  cargo  of  a  ship  be  worth  $16000,  what  will 
be  the  value  of  |  of  ^  of  the  remainder  ? 

(54)  A  can  mow  5  acres  of  grass  in  8  d'ays,  B  7  acres  in 
'j  days,  C711  acres  in  12  days:  in  how  many  days  can  they 
lointiy  mow  121  acres  ? 
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(55)  A  watch,  which  is  5  m.  40  s.  fast  on  Monday  at  noon, 
IS  2  m.  51  s.  fast  at  midnight  on  the  tollowing  Sunday :  what 
did  it  lose  in  a  day  ? 

(56)  The  rent  of  a  farm  is  $720,  and  the  taxes  are  l4f 
per  cent,  on  the  rent:  find  the  amount  of  rent  and  taxes 
together  ? 

(57)  Three  persons  divide  the  cost  of  an  entertainment 
amongst  them  in  such  a  manner  that  the  first  pays  ^  of  the 
whole,  and  the  second  f  of  what  the  first  pays,  and  the  third 
pays  the  remainder,  which  is  S2.50 :  what  is  tlie  amount  of 
the  biU? 

(58)  If  an  income  of  §1200  pays  $18  for  income  tax,  how 
much  must  be  paid  on  an  income  of  §750  when  the  tax  is 
half  as  mucli  again  ? 

(59)  A  invests  5^552  in  the  d\  per  cents,  when  they  are  at 
92;  B  invests  S679  in  the  3  per  cents,  when  tbey  are  at  97. 
Find  the  difference  of  their  incomes. 

(60)  What  is  the  cost  of  the  carpet  for  a  room,  the  dimen- 
sions of  which  are  21  feet  long,  lof  feet  wide,  a^  42f  cents 
per  square  yard  ? 


(61)  Sunplify: 

(4i  +  5i  "^    lOi)  ^  \  2|     •    8,^/        1-405 

(62)  A  regiment  marching  3^  miles  an  hour  makes  110 
steps  a  minute  :  what  is  the  length  of  the  step  ? 

(63)  How  long  would  a  column  of  men,  extending  3420 
feet  in  length,  take  to  march  through  a  street  a  mile  long  at 
the  rate  of  58  paces  in  a  minute,  each  pace  being  2^  feet? 

(64)  A  street  being  850  feet  long,  and  the  width  of  the 
pavement  on  each  side  being  5  feet  3  in.  find  the  cost  of  pav- 
ing it  at  37^  cents  a  square  foot  ? 

(65)  Two  pipes  together  fill  a  cistern  in'l  hour:  one  of 
them  alone  fills  it  in  H  hour.  How  long  will  it  take  the 
other  to  fill  it  ? 

{66j  How  many  hom-s  a  day  must  42  boys  work,  to  do  in 
45  days  what  27  men  can  do  in  28  days  of  10  hours  long ;  the 
work  of  a  boy  being  half  that  of  a  many  ? 

(67)  At  what  rate  .will  the  simple  interest  on  $125  amount 
to  $13,121  in  1^  years  ? 

(68)  What  principal  will  give  $616  simple  interest  in  5\ 
years  at  6|  per  cent.  ? 
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(69)  A  log  of  timber  is  18  feet  long,  1  foot  4  inches  wide, 
and  15  inches  thick.  If  a  piece  containing  2h  soUd  feet,  be 
cut  off  the  end  of  it,  what  length  will  be  left  ? 

(70)  If  8  guineas  be  expended  in  purchasing  Brussels 
carpet,  |  yd.  wide,  at  3s.  6d.  a  yd.,  for  a  room  20  ft.  long 
and  16  ft.  9  in.  broad;  how  much  oi  the  floor  will  remain 
uncovered  ? 


(^ 


(71)  Simplify  ^-fril  -^  YJ—  -   -S 

2-t-i 

(72)  Find  the  value  of 

•02  of  ^1  +  -03  of  7s.  6d.  +  ^14  of  2s  9d. 

(73)  Extract  the  square  root  of  30712-5625  of -/^Vr;  and 
of  -000000133225. 

(74)  A  bankrupt  owes  $7850,  and  t;ay8  37-|-  cents  in  the 
dollar ;  how  much  did  his  creditors  jomtly  lose  ? 

(75)  If  14  men  can  mow  35  acres  of  grass  in  6  days  of  10 
hours  each,  in  how  many  days  of  12  hours  each  can  3  men 
mow  24  acres  ? 

(76)  If  9  men  or  16  women  could  do  a  piece  of  work  in 
144  days,  in  what  time  would  7  mea  and  9  women  do  it, 
working  together.? 

(77)  Divide  $2849  among  A,  B,  aikd  C,  in  the  proportion 
of  -7,  -28,  and  '056. 

(78)  The  mathematical  discount  oks  a  sum  of  money  for 
2  years  is  $360;  the  interest  on  the  same  sum  for  the  same 
time  is  $400  :  find  the  sum  and  the  rate  percent. 

(79)  Find  the  gain  or  loss  per  cent.,  in  buying  oranges  at 
$2.50  per  hundred  and  selling  them  at  8  for  a2  cents. 

(80)  What  will  be  the  cost  of  papenng  a  room  21  ft.  long 
by  15  ft.  broad  and  11  ft.  high,  whicli  iias  two  windows  each 
9  ft.  high  and  3  ft.  wide,  a  door  7  ft  high  and  3  ft.  6  in. 
wide,  and  a  fire  place  4  ft.  high  by  4  ft.  6  in.  wide,  with 
paper,  2  ft.  3  in.  wide  at  9s.  a  piece  ;  Ui©  price  of  j)utting  it 
on  being  6d.  per  piece,  and  each  piece  containing  12  yards  ? 


(81)  Sunphfy 

(1)  21-  -  U  +  9tV 

4i-2i  +  13TV 

(2)  (3-71  -  1-908)  X 

2-2  -  ^^% 


KXAMINATZOM 


269 


(82)  A  man  owns  1*5  of  a  mine,  and  sells  "ISSi  of  his 
share  ;  what  fraction  of  the  mine  has  he  left  ? 

(83)  A  and  B  can  do  a  piece  of  work  in  8  days,  B  and  G 
can  do  it  in  12  days,  and  A,B,  and  C  can  do  it  in  6  days. 
In  how  many  days  can  A  and  C  do  it  ? 

(84)  A  clock  which  gains  7^  minutes  in  24  hours  is  12 
minutes  fast  at  midnight  on  Sunday.  What  o'clock  will  it 
indicate  at  4  o'clock  on  Wednesday  afternoon  ? 

(85)  Gunpowder  being  composed  of  83  parts  of  nitre,  7 
of  charcoal,  and  6  of  sulphur ;  find  how  many  pounds  of 
each  will  be  required  to  make  30  lbs.  of  powder. 

(86)  What  is  the  difference  between  Interest  and  Dis- 
count ?     Which  of  the  two  is  greater  ? 

Find  the  difference  between  the  Interest  and  Discount  on 
^1639  for  4^  mos.  at  .6^  per  cent. 

(87)  Find  the  difference  between  the  true  and  bank  dis- 
counts on  a  note  of  §10400  due  in  six  months,  (days  of  grace 
included)  at  8%  per  annum. 

(88)  t  of  A's  stock  was  destroyed  by  fire,  f  of  the  re- 
mainder was  injured  by  water  and  smoke ;  he  sold  the 
uninjured  goods  at  cost  price,  and  the  injured  goods  at  a 
third  of  cost  price.  He  realizsd  $1155.  What  did  he  lose 
by  the  fire. 

(89)  Having  given  that  the  weight  of  a  cubic  foot  of  water 

is  1000  oz.,  aTid  that  the  imperial  gallon  contains  277*274  ^ 
cubic  inches,  find  the  weight  of  a  pint  of  water. 

(90)  A  room  is  22  ft.  6  in.  long,  20  ft.  8  in.  wide,  and  10 
ft.  9  in.  high.  Find  the  cost  of  carpeting  the  room  at  $1.20 
a  square  yard,  and  of  papering  the  walls  at  20  cents  a  square 
vard. 


y 


(91)  Simplify; 

•004  -^  -0006 


2-428  -f-  8-576  +  2-0001911 

(92)  The  quotient  in  a  division  question  equals  six  times  the 
divisor,  and  the  divisor  equals  six  times  the  remainder ;  the 
three  amount  together  to  516  ;  find  the  dividend. 

(93)  Add  together  -60625  of  £1  +  -142857  of  14«.  10^* 
and  n  of  T»r  of  £3.  6*.  Id.,  and  express  the  result  as  the 
decimal  of  27  shillings. 

(94)  A  clock  gains  3^  minatos  a  day ;    how  must  tbt 
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hands  be  placed  at  noon  so  as  to  point  to  true  time  at  7  h. 
80  m.  P.M.  ? 

(95)  A  person  invests  $750  at  simple  interest,  and  at  the 
end  of  8  years  and  8  months  he  finds  that  he  posBeBses 
$956.25  ;  at  what  rate  per  cent,  per  an.  was  his  profit  ? 

(96)  A  person's  half-yearly  income  is  derived  from  the 
proceeds  of  $4550  at  a  certain  rate  per  cent.,  and  $5420  at  1 
per  cent,  more  than  the  former.  His  whole  income  is  $453. 
Determine  the  rates. 

(97^  ^Vhat  will  be  the  cost  of  enclosing  a  rectangular  gar- 
den, 90  yd.  long  and  80  yd.  2  ft.  3  in.  broad,  with  a  waU 
8  ft.  4  in.  high,  at  the  rate  of  $1.20  per  superficial  square 
yard  / 

(98)  A  person  invests  £10000  in  8  per  cents,  at  75,  and 
when  they  rise  to  78  he  sells  out  and  invests  the  produce  in 
bank  shares  at  £208  each,  which  pay  a  dividend  of  £8  per 
share.     Show  that  his  income  is  not  altered. 

(99)  What  must  be  the  least  number  of  soldiers  in  a  regi- 
aaent  to  admit  of  its  being  drawn  up  2,  8,  4;  5  or  6  deep, 
and  also  of  its  being  formed  into  a  solid  square  ? 

(100)  If  $40  is  a  proper  discount  off  $360  for  8  months, 
wriat  should  be  the  12  months'  interest  on  $360  f 


(101)  Multiply  57875  by  729819,  with  three  lines  of  multi- 
plication, and  divide  123456  by  63,  using  short  division. 

(102)  A  French  metre  =  1*0936  of  a  yard,  and  a  centi- 
metre is  the  hundred  part  of  a  metre.  Find  a  centimetra 
in  decimals  of  an  inch  to  4  places. 

(103)  A  and  B  can  do  a  piece  of  work  in  4  days,  B  and  0 
in  5^  days,  and  A  and  0  in  4f  days.  In  what  time  can  each 
do  the  work  separately  ? 

(104)  M  starts  from  C  and  travels  towards  D  at  a  rate  ol 
6  nailes  per  hour;  two  hours  afterwards  N  starts  from  0, 
and  going  10  miles  per  hour  reaches  D  4  hours  before  M, 
Find  the  distance  from  C  to  D. 

(166)  Find  the  simple  inteiest  on  $2783|  at  4  per  cent,  for 
8  years  and  9  months ;  and  determine  what  cum  will  amount 
to  <B^6.10  in  8  years  at  6  per  cent,  compound  interest. 

(106)  Find  the  difference  between  the  discount  on  $1622.60 
for  14  months  «t  7  per  cent,  per  ann.  and  the  interest  on 
$1760  for  16  months  at  6  per  cent,  per  ann.  • 

(107)  A  women  buys  a  certain  number  of  apples  at  8  • 
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poTifiy,  and  the  same  number  at  2  a  penny ;  she  then  mixes  ^y 
them  and  sells  them  at  5  for  twopence.  How  much  does  she  ^ 
gain  OF  lose  per  cent. 

(108)  A  person,  by  disposing  of  goods  for  $182,  loses  9  per 
cent.  What  ought  tLey  to  have  been  sold  at  to  reaUse  a 
profit  of  7  per  cent.  ? 

(109)  Find  the  cost  of  papering  a  room  14  ft.  6  in.  long, 
13  ft.  7  in  broad,  and  12  ft.  3  in.  high,  with  paper  at  141  cents 
per  square  yard.  In  the  room  are  4  windows  4  ft.  by  3  ft., 
2  doors  6  ft.  6  in.  by  2  ft.  5  in.,  and  a  fireplace  6  ft.  by  4  ft. 

(110)  The  external  dimensions  of  a  box  without  a  lid  are, 
length  4  feet,  breadth  8  feet,  depth  2  feet,  and  the  thickness 
of  the  sides  and  bottom  is  the  same,  namely  1  inch  ;  if  the 
cost  of  a  cubic  yard  of  the  material  is  9«.,  and  the  cost  o^ 
making  the  box  =  xj  o^  ^^  cost  of  the  material,  what  will 
the  box  cost  ? 


(111)  Eight  bells  begin  tolling  together  at  the  same  in- 
stant, and  they  toll  at  intervals  of  1,  2, 3,  4,  5,  6,  7,  8  seconds 
respectively :  after  what  time  will  they  be  again  toiling  at 
the  same  instant  ? 

(112)  SimpUfy 

|of^J  +  6i^*       17         lOi       IS'^Wf^T 

(113)  A^  B,  and  C  are  partners.  A  receives  two-fifths  of 
the  profits,  B  and  G  dividing  the  remainder  equally,  ^'s 
income  is  increased  by  $220  when  the  rate  of  profit  rises 
from  8  to  10  per  cent.     Find  the  capital  of  B  and  C, 

(114)  A  railway  train  having  left  a  terminus  at  noon  is 
overtaken  at  6  p.m.  by  another  train,  which  left  the  same 
terminus  at  1  p.m.  If  the  former  train  had  been  10  miles 
farther  on  the  road  when  the  latter  started,  it  would  not 
have  been  overtaken  till  8  p.m.    Find  the  rates  of  the  trains. 

(115)  A  person  invests  £5000  in  Turkish  6  per  cent,  stock 
at  80 ;    find  the  rate  of  interest  he  gets  for  his  money. 

'When  his  stock  has  risen  to  104  he  sefis  out,  and  buys  ;g20 
railway  shares  at  ^618,  which  pay  dividend  at  the  rate  of  4^ 
per  cent.     Find  the  alteration  in  his  income. 

(116)  If  6  men  and  2  boys  can  reap  18  acres  in  2  days, 
and  7  men  and  6  boys  can  reap  33  acres  in  4  days,  how  long 
will  it  take  2  men  and  2  boys  to  reap  10  acres  ? 
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(117)  The  cost  price  of  a  book  is  $4.75,  expenfiw*  of  th« 
sale  6  io,  profit  24  %  ;  what  is  the  retail  price  'i 

(118)  Show  that  the  simple  interest  on  $625  for  8  moatha 
at  7  %  is  equal  to  that  on  $1098.76  at  8  ^  for  4  months. 

(119)  One  clock  gains  4  minutes  in  12  hours,  and  another 
l<3ses  4  minutes  in  24  hours.  They  are  set  right  at  noon  on 
Monday.  Determine  the  time  indicated  by  each  clock, 
when  the  one  appears  to  have  gained  16J  minutes  on  the 
other. 

(120)  A  rectangular  court  is  50  yards  long  and  80  yards 
broad.  It  has  paths  joining  the  middle  points  of  the  oppo- 
site sides,  of  6  ft.  in  breadth,  and  also  paths  of  the  same 
breadth  running  all  round  it.  The  remainder  is  covered 
with  grass.  If  the  cost  of  the  pavement  be  12^  cents  per 
square  foot,  and  of  the  grass  70  cents  per  square  yard,  find 
the  whole  cost  of  laying  out  the  court. 


(121)  How  many  times  does  the  29th  day  of  the  month 
occur  in  400  consecutive  years  ? 

(122)  A  creditor,  agreeing  to  receive  $281.26  for  a  debt, 
finds  that  he  has  been  paid  at  the  rate  of  62^  cents  in  the 
dollar ;  how  much  was  the  debt  ? 

(128)  At  B,  and  C  rent  a  meadow  for  $48.  .4  puts  in  10 
horses  for  1  month,  B  12  oxen  for  2  months,  and  C  20  sheep 
for  8  months.  How  should  the  expense  be  divided,  if  the 
quantities  eaten  by  a  horse,  an  ox,  and  a  sheep,  during  the 
same  time,  be  in  the  ratio  of  4,  8,  and  1 1 

(124)  If  the  price  of  9760  bricks,  of  which  the  length, 
breadth,  and  thickness  are  20  inches,  10  inches,  and  12^ 
inches  respectively,  be  $213.60,  what  will  be  the  price  of  100 
bricks,  wMch  are  one-fifth  smaller  in  every  dimension  ? 

(125)  How  many  years'  purchase  should  I  give  for  an 
estate,  so  as  to  get  3^  per  cent,  interest  for  my  money  ? 

(126)  How  often  between  11  and  12  are  the  hands  of  a 
clock  an  integral  number  of  minute  spaces  apart  ? 

(127)  A  and  B  walk  a  race  of  26  miles ;  A  gives  B  46 
minutes'  start ;  A  walks  uniformly  a  mile  in  11  minutes, 
and  catches  B  at  the  20th  milestone :  find  B'b  rate,  and  by 
how  much  he  lost  in  time  and  space. 

(128)  A  debt  is  due  at  the  end  of  4^  months  ;  \  is  paid 
V  immediately,  and  ^  at  the  end  of  8  mouths;  when  ou^t 

the  remainder  to  fee  paid? 
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(129)  A  man,  by  selling  out  of  a  8  per  cent,  stock  at  99    ^ 
gains  10  per  cent,  on  his  investment.     At  what  price  did  he 
bny,  and  what  was  his  income,  Bupposing  that  he  realized 
$16845  ? 

(180)  A  tank  is  8  ft.  long,  6  ft.  4  in.  wide,  4  ft.  6  in.  deep. 
Fiud  the  number  of  gallons  it  contains,  having  given  that  1 
cub.  ft.  of  water  weighs  1000  oz.,  and  that  a  pint  of  water 
weighs  a  pound  and  a  quarter. 


(181)  Simplify 

1  . /  8       2\       /J^       1^\       2       8 

7i  of  8^-1-8/t-  ^    \T8  ~  9 /  ""  \  3   ^6/^3,8 
of  63. 

(132)  In  a  dormitory  \\  oi  the  boys  are  in  the  upper 
school,  I  of  the  remainder  in  the  middle,  and  the  rest,  8  in 
number,  in  the  lower  ;  find  the  number  in  the  dormiioiy. 

(133)  The  circumference  of  the  fore- wheel  of  a  carriage  is 
8  feet,  and  that  of  the  hind- wheel  is  iO  feot ;  in  what  dis- 
tance will  the  fore-wheel  make  100  revolutions  more  than 
the  hind -wheel  I 

(184)  A  and  B  receive  $1.87^  for  digging  a  garden.  They 
work  at  it  together  for  4^  hours  ;  B  then  left,  and  A  finished 
the  work  in  8^  hours.     How  should  the  pay  be  divided  I 

(186)  What  are  the  two  eiRct  times  when  the  hands  of  ft 
watch  are  equally  distant  from  fig.  III.  ? 

(136)  In  how  many  years  will  $320  double  itself,  at  7^ 
per  cent,  simple  interest  ? 

(187)  A  person  invests  the  present  value  of  £2368  due  two 
years  hence  at  4  per  cent,  in  gas-shares,  which  pay  at  the 
rate  of  nine  per  cent. ;  he  gives  £144  for  ?rf:h  share  of  ^1.00  ; 
what  la  his  annual  income,  and  what  rate  per  cent,  does  he 
make  of  his  money  invested  in  the  gas-shares  T 

(138)  At  billiards  A  can  give  B  5  points  in  a  game  of  50, 
and  (7  10  points  in  60 ;  how  many  pointo  can  B  give  C  in  a 
game  of  90 1 

(139)  How  much  money  must  one  invest  in  8  per  cent 
Consols,  when  they  are  at  10  per  cent,  below  par,  in  order 
to  have  an  income  of  j62000  a  year  ? 

(140)  A  level  reach  in  a  caual,  14  miles  6  furlongs  long, 
and  48  feet  broad,  is  kept  up  by  a  lock  80  feet  long,  12  feet 
broad,  and  having  a  fall  of  8  ft.  6  in. ;  how  many  barges 
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might  pass  through  the  lock  before  the  water  in  tlie  uppei 
canal  was  lowered  one  inch  ? 


o1  5  1 

(141)  Find  the  value  of  ^j-^   X  j^ofSS.G?. 

(142)  A  can  do  a  piece  of  work  in  6  days,  which  i>  can 
destroy  in  4.  A  has  worked  for  10  days,  during  the  last  5  ol 
wliich  B  has  been  destroying ;  how  many  days  must  A  now 
work  alone,  in  order  to  complete  his  task  ? 

(143)  Two  cisterns  of  equal  dimensions  are  filled  with 
water,  and  the  taps  for  both  are  opened  at  the  same  time. 
If  the  water  in  one  will  run  out  in  5  hours,  and  that  in  the 
other  in  4  hours,  find  when  one  cistern  will  have  twice  as 
much  water  in  it  as  the  other  has. 

(144)  If  3  men,  4  women,  5  boys,  or  6  girls,  can  perform 
a  piece  of  work  in  60  days,  how  long  will  it  take  1  m.an,  2 
women,  3  hojs,  and  4  girls,  all  working  together? 

(145)  Two  trains  start  at  the  same  time  from  London  and 
Edinburgh,  and  proceed  towards  each  other  at  the  rates  of 
30  and  50  miles  per  hour  respectively.  When  thoy  meet,  it 
is  found  that  one  train  has  run  100  miles  farther  than  the 
other.     Find  the  distance  between  London  and  Edinburgh. 

(146)  Two  persons  buy  respectively  with  the  same  sums 
into  the  3  and  3^  per  cents.,  and  get  the  same  amount  of 
interest.  The  3  per  cents,  are  at  75  :  at  what  price  are  the 
3^  X^er  cents.  ? 

(147)  Divide  $1986.50  among  A,  B,  and  0,  in  the  propor- 
tion of  2'3,  1'15,  and  '524  respectively. 

(148)  If  for  a  sovereign  one  can  buy  11  gulden  12  kreut- 
zers  or  25*5  francs,  and  for  one  20-franc  piece  9  gulden  20 
kreutzers,  how  much  per  cent,  is  gained  by  buying  French 
gold  with  Englisll^gold  before  buying  German  money? 

(149)  Express  697^-  miles  in  metres,  32  metres  being  taken 
to  be  equivalent  to  35  yards. 

(150)  Find  the  cost  of  painting  the  walls  ot  a  square  room 
14  ft.  high  and  18  ft.  long,  with  two  doors  8  ft.  by  4,  and 
three  windows  10  ft.  by  5,  the  amount  saved  by  each  window 
being  £2  16s.  3d.  What  additional  height  would  increase 
the  cost  by  nine  shillings. 


(151)  Simplify  ||   +    ^—^  +  i  +  ^  of  A, 
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(162)  Two  lines  are  41*06828  inches  and  '0488  of  an  inch 
long  respectively.  How  many  lines  as  long  as  the  latter  can 
be  out  off  from  the  former,  and  what  will  be  the  length  of 
the  remaining  line  ? 

(163)  A  and  B  start  to  run  a  race  ;  their  speeds  are  as  17 
to  18.  A  runs  2^  miles  in  16  mia.  48  sec.  ;  B  finishes  the 
course  in  84  minutes :  determine  the  length  of  the  course. 

(154)  A  boat's  crew  row  over  a  course  of  a  mile  and  a 
quarter  against  a  stream  which  flows  at  the  rate  of  2  miles 
an  hour,  in  10  minutes.  The  usual  rate  of  the  stream  is  half 
a  mile  an  hour.  Find  the  time  which  the  boat  would  take 
in  the  usual  state  of  the  river.    • 

(166)  A  person  pays  one  tax  of  lOd.  in  the  ^g,  and  another 
of  6  per  cent,  on  his  income.  His  remaining  income  is  ^545. 
What  was  his  original  income  ? 

(156)  A  man  invested  $14850  in  the  U.  S.  6's  at  107^  the 
brokerage  being  ^%  ;  what  will  be  his  clear  income  after  an 
income-tax  of  6%  is  deducted? 

(157)  A  soldier  has  6  hours'  leave  of  absence :  how  far  may 
he  ride  on  a  coach  which  travels  10  miles  an  hour,  so  as  to 
return  to  the  camp  in  time,  walking  at  the  rate  of  6  miles  an 
hour  ? 

(158)  Two  trains  start  at  the  same  time,  the  one  from 
London  to  Norwich,  the  other  from  Norwich  to  London.  If 
the|r  arrive  in  Norwich  and  London  respectively  1  hour  and 
4  hours  after  they  passed  each  other,  show  that  one  travels 
twice  as  fast  as  the  other. 

(159)  When  ^170  .will  purchase  4288  francs,  what  is  the 
cov/rse  of  exchange  between  London  and  Paris  ?  And  if  503 
gold  pieces  of  20  francs  contain  as  much  pure  gold  as  400 
sovereigns,  what  is  the  par  of  exchange  between  London  and 
Paris? 

(160)  A  hollow  cubical  box,  made  of  material  which  is  1*8 
inches  in  thickness,  has  an  interior  capacity  of  50*658  cubic 
feet :  determine  the  length  of  the  outside  edge  of  the  box. 


.161)  Snnpliiy    (  6?  of  ^^^j  .i^ 

(162)  Gold  of  the  value  of  ^6428267  arrives  from  Australia; 
what  ia  its  weight  in  lb.  avoirdupois,  the  price  being  ^8. 18 1, 
per  oz.  troy  y 


i 
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(108)  A  can  do  one-half  of  a  piece  of  work  in  1  hour,  B 
can  do  three-fourths  of  the  remainder  in  one  hour,  and  C 
caa  finish  it  in  20  minutes ;  how  long  would  A,  B,  and  C 
together  take  to  do  it  ? 

(164)  If  I  pay  $760  now  for  a  debt  of  $771.09|  not  yet 
payable,  and  money  be  considered  worth  7^  per  cent,  per 
annum,  when  will  the  debt  be  due  ? 

(166)  Two  equal  wine-glasses  are  filled  with  mixtures  of 
spirit  and  water  in  the  ratios  of  1  of  spirit  to  3  of  water  and 
1  of  spirit  to  4  of  water  :  when  the  contents  are  mixed  in  a 
tumbler,  find  the  strength  of  the  mixture. 

(166)  At  what  per  cent,  in  advance  of  cost  must  a  mer- 
chant mark  his  goods  so  that  after  throwing  off  20  %  of  the 
marked  price  he  may  make  a  profit  of  26  per  cent. 

(167)  A  man  receiving  a  legacy  of  $84610  invested  one- 
half  in  Dominion  6  per  cents,  at  101,  and  the  other  half  in 
U.  S.  6  per  cents,  at  84^,  paying  brokerage  at  ^  % ;  what 
annual  income  did  he  secure  from  his  legacy  ? 

(168)  A  piece  of  work  must  be  finished  in  36  dajrs,  and  15 
men  are  set  to  do  it,  working  9  hours  a  day ;  but  after  24 
days  it  is  found  that  only  three-fifths  of  the  work  is  done,   li 
8  additional  men  be  then  put  on,  how  many  hours  v*  u  a 
will  they  all  have  to  labour,  in  order  to  finish  the  work  ■ 
time? 

(169)  Of  two  stalactites  hanging  from  the  flai  roof  of  a 
eavem,  one  is  1*02  inches  longer  than  the  other,  and  the 
Ehorter  one  increases  in  length  at  the  rate  of  8*014  inches  in 
a  century.     Find  the  rate  of  increase  of  the  other,  in  ordf 
that  tiiey  may  be  of  the  same  length  at'the  end  of  126  yes 

(170)  Two  men  A  and  J5,  start  from  Oambridge,  at  4  i 
5  o'clock,  A.M.  respectively,  to  walk  to  London,  a  distant  - 
50  miles  ;.S  passes  A  at  the  twentieth  milestone,  and  r-sa- 
68  Lonrioa  at  6  p.m.     When  will  A  arrive  there  ? 


(171)  Find  the  nqxiMSC  ^oot  of  10747-4689,  a...    ik^  ^^vt^f 
root  of  189119SaU. 

(172)  A  person  can  s?ead  a  book  containing  220  pagi 
each  of  which  contains  S8  lines,  and  each  line  on  an  avers 
12  words,  in  6^  hours ;  how  long  will  it  take  him  to  roaf^ 
book  containing  400  pagco,  each  of  which  contfi  -      "" 
and  each  line  on  Rn  aren^  14  words  ? 

(179)  The  whole  f^m  n&^^^^d  by  a  tiain  120  yaru^'  lo-. 
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trayelling  at  the  rate  of  20  miles  an  hour,  in  crossing  abridge 
is  18  seconds ;  find  tb«  length  of  the  bridge. 

(174)  If  20  men,  40  women,  and  50  children  receive 
$4200  among  them  for  seven  weeks'  work,  and  2  men 
receive  as  maoh  as  8  women  or  5  children,  what  som  does  a 
woman  receive  per  week  ? 

(175)  Two  clocks  begin  to  strike  12  together ;  one  strikes 
in  35  seconds,  the  other  in  25  ;  what  fraction  of  a  minute  is 
there  between  their  seventh  strokes  ? 

(176)  A  speculator  bought  4S  shares  in  a  mine  at  85^,  and 
kept  them  till  they  dropped  to  11^,  when  he  sold  out  and 
bought  with  the  proceeds  6  per  cent,  railway  stock  at  28  pre- 
mium ;  find  his  annual  income  from  the  latter  investment. 

(177)  Two  clocks  strike  9  together  on  Tuesday  morning. 
On  Wednesday  morning  one  wants  10  minut-es  to  11  when 
the  other  strikes  11.  How  much  must  the  faster  be  put 
back,  that  they  may  pxrike  9  together  on  Wednesday  even- 
ing? 

(176)  How  much  ore  must  one  raise,  that  on  losing  ^l  in 
roasting  and  ^  of  the  residue  in  smelting,  there  may  result 
606  tons  of  pure  metai  ? 

(179)  If  a  population  is  now  ten  millions,  and  the  births 
are  1  in  20  and  the  deaths  1,  in  30  annually,  what  will  tiie 
population  become  in  @  years  ? 

(180)  There  are  two  rectangular  fields  equal  in  area  ;  the 
ffldes  of  one  are  946  y«rds  and  1844  yards  in  length,  and  the 
longer  side  of  the  s«ooBd  is  1134  yards  ;  what  is  the  length 
of  its  shorter  side,  at»4  how  many  acres  are  there  in  each 
field  ? 


(181)  The  masters  of  a  school  are  '0416  of  its  whole  num- 
ber, but  after  40  n«w  boys  have  been  added  ^e  masters  be- 
came '0875  of  the  whole.  How  many  boys  and  masters 
were  there  before  the  aew  boys  came  ? 

(182)  Divide  f860  aanong  4  persons,  so  that  B  may  have 
three  times  as  muoh  tm  A,  C  half  as  much  again  as  A  and  B 
together,  and  D  as  mwth  m  Ay  B,  and  G  together, 

(188)  By  selling  a  kouse  for  $8700  I  lost  7^  per  cent.;  ^ 
what  must  I  have  solS  it  for  to  have  gained  12^  per  c«nt.  ? 

(184)  Find  the  difltrence  between  the  interest  And  dis- 
©ount  on  $1265  for  73  days  at  6^^  ? 

(185)  A  merchant  sells  tea  to  a  tradesman  at  a  profit  of 
SO  p«r  cent.,  but  thd  t^vadeaman  beoominx  a  bankn^t  payn 
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87i  ots.  in  the  dollar.     How  mnoh  does  the  merchant  gain 

or  lose  by  the  sale  ? 

(186)  What  sum  must  a  man  invest  in  the  6  per  cent. 
Oountv  bonds  at  101^  in  order  to  have  a  clear  income  of 
$1424  40  after  paying  an  income  tax  of  1^%  on  all  orer  ^HOO? 

(187)  A  baker's  outlay  for  flour  is  70  per  cent,  of  bis  gi-oss 
receipte,  and  other  trade  expenses  20  per  cent.  The  price 
of  flour  falls  60  per  cent,  and  other  trade  expenses  are 
thereby  reduced  26  per  cent.  What  reduction  should  he 
make  in  the  price  of  a  16c.  loaf,  allowing  him  still  to  realize 
fche  same  amount  of  profit  ? 

(188)  What  is  the  average  annual  profit  of  a  business, 
when  a  partner,  entitled  to  »  of  the  profits,  receives  as  his 
share  for  2  years  aud  4  months  the  sum  of  $7890.60. 

(189)  If  a  tradesman  adds  to  the  cost  price  of  his  goods  a 
profit  of  12^  per  cent.,  what  is  the  cost  price  of  an  article 
which  he  sells  for  $3.82^  ? 

(190^  A  rectangular  piece  of  ground  72  yaids  by  45  yards 
is  to  be  laid  out  in  4  plots  of  grass,  each  27  ft.  by  13^  ft.,  and 
a  pond  in  the  centre  6  yards  square,  to  contain  262  cubic 
yards  of  water ;  find  the  expense  of  graveUing  the  remainder 
at  2f  cts.  per  square  yard,  and  the  depth  of  the  pond. 


^191)  Find  the  value  of 

6iofgof24-l^(|  +  i) 

(192)  If  12  men  or  18  boys  can  do  ^  of  a  piece  of  work  in 
6^  hours,  in  what  time  will  11  men  and  9  boys  do  the  rest  ? 

(198)  Find  the  principal  sum  on  which  the  simple  interest 
in  2^  years  at  6i%  per  annum  is  $1068.76. 

(19^  The  compound  interest  on  a  certain  sum  at  4  per 
cent,  for  2  years  exceeds  the  simple  interest  for  the  same 
time  at  the  same  rate  by  $6  ;  what  is  the  sum  ? 

(196)  Two  ships  are  built.  Twice  as  many  ship-carpen- 
ters are  employed  about  tiie  first  aa  about  the  second ;  the 
first  is  built  in  9  months,  ihe  second  in  8  months ;  the  wages 
of  each  man  of  the  first  set  are  26  cents  per  hour,  and  they 
work  12  hours  a  day ;  the  wages  of  each  of  the  second  set 
are  18  cents  per  hour,  and  they  work  10^  hours  a  day.  The 
cost  of  the  first  in  carpenters'  wages  was  $80000  ;  what  was 
tiuA  of  the  (tecond? 
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(196)  A  person  leaves  $12670  to  be  (.livicletl  auioug  his  five 
cliilcireu  and  three  brothers,  so  that,  after  the  legacy  duty 
has  been  paid,  each  child's  share  shall  be  twice  as  great  as 
each  brother's.  The  legacy  duty  on  a  child's  share  being 
one  per  cent.,  and  on  a  brother's  three  per  cent.,  find  what 
each  will  receive  ? 

(197)  Two  persons,  A  and  B,  meet  to  settle  their  accounts. 
A  has  3|  years  previously  lent  B  $500 ;  and  B  has  a  bill  of 
$360 '50  against  A,  for  wliich  he  is  to  allow  nine  months'  dis- 
count ;  if  the  interest  in  each  case  is  4  per  cent,  per  annum, 
what  has  B  to  pay  A  ? 

(198)  A  gi'ocer  buys  4  cwt.  8  qr.  14  lb.  of  sugar  at  £1  16s. 
Sd.  per  cwt.  (long  cwt.),  and  sells  it  at  4^.  per  lb.;  how 
much  does  he  gain  or  lose  per  cent.  ? 

(199)  If  when  25  per  cent,  is  lost  in  grinding  wheat,  a 
count J^i^iiias  to  import  10000000  quarters,  but  can  maintain 
itself  on  its  own  produce  if  only  5  per  cent,  be  lost,  find  the 
quantity  of  wheat  grown  in  the  country. 

(200)  A  man  rows  down  a  river  18  miles  in  4  hours  witli 
the  stream,  and  retui-ns  in  12  hours ;  find  the  rate  at  which 
he  rows,  and  the  rate  at  which  the  stream  flows. 


(201)  Show  that 

1  _^  1  8 


1  + 


1 ,      I 9 

— i ^■^T~i 
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(202)  A  and  B  can  do  a  piece  of  work  in  6  days,  B  and  0 
in  8  days.  A,  B,  and  (7  in  4  days.  How  long  would  A  and 
O  take  to  do  it  ? 

(203)  If,  by  selling  an  article  for  $38.25,  8  percent,  is  lost, 
what  per  cent,  is  gained  or  lost  hy  selling  it  for  $57  ? 

(204)  A  French  metre  contains  89'371  Enghsh  inches; 
express  to  three  decimal  places  an  Enghsh  mile  in  metres. 

(205)  A  tradesma'n  marks  his  goods  with  two  prices :  the 
one  for  ready  money,  the  other  for  6  months'  credit,  the  rate 
of  interest  Ibeing  5  per  cent.  i)er  annum ;  if  the  credit  price 
of  an  article  be  §2.05,  what  ought  its  ready-money  price  to 
be? 
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(208)  Gompoaud  interest  reckoned  q^aarterly  at  2%  is  equal 
to  what  interest  reckoned  yearly  ? 

(207)  A  person  having  ^790  in  t^M*  Toronto  city  6  per 
cent,  bonds  sells  ont  at  98^,  and  invest*  the  proceeds  in  Bank 
of  Montreal  stock  at  177i,  which  pays  a  dividend  of  12  per 
cent,  per  annmu.  Find  ^e  change  in  hie  income,  broker- 
age in  each  transaction  being  ^%. 

(208)  I  buy  wheat  at  89«.  a  quartei,  and  some  of  a  supe- 
rior quaUty  at  6».  per  bushel :  in  what  proportions  must  I 
mix  them,  so  as  to  gain  25  per  cent,  by  selling  the  mixture 
at  67«.  Qd.  per  quarter  ? 

(209)  The  weight  of  a  cubic  foot  of  v/ater  being  1000  oz., 
find  the  weight  of  a  rectangular  block  of  gold,  8  inches  in 
length,  2  inches  in  thickness,  and  8  m  breadth  ;  the  weight 
of  a  mass  of  gold  being  19  "26  times  the  weight  ol  an  eijual 
bulk  of  water.  tar 

(210)  The  content  of  a  cistern  is  the  sum  of  two  cubes 
whose  edges  are  10  inches  and  2  inches,  and  the  area  of  its 
base  is  the  difference  between  two  squares  whose  sides  are 
U  and  If  feet.     Find  its  depth. 


(211)  Find  the  value  of  •86714285t  of  £10.  lis.  Id.  aoou- 
rately  ;  and  show  that  the  error  committed  by  neglecting  all 
decimals  of  an  order  higher  than  the  fifth  is  less  than  -j-^ 
of  a  penny. 

(212)  The  sum  of  $327  is  borrowed  at  the  beginning  of  a 
year  at  interest,  and  after  9  months  have  passed  $400  more 
is  borrowed  at  a  rate  of  interest  double  that  which  the  former 
sum  bears.  At  the  end  of  the  year  the  interest  on  both 
loans  is  $26.35.    What  is  the  rate  of  interest  in  each  case  ? 

(218)  A  dealer  purchases  a  liquid  fat  4#.  the  gallon,  and 
dilutes  it  with  so  much  water  that,  when  he  sells  the  com- 
pound at  da.  a  gallon,  he  gains  20  pejr  cent,  on  his  outlay. 
How  much  water  is  there  in  every  gallon  of  the  compound 
sold? 

(214)  The  discount  on  $566.60  for  9  months  is  $16.60: 
find  the  rate  of  interest. 

(215)  A  merchant  lost  a  cargo  at  tea  which  he  had  in- 
jured ;  the  broker  offered  him  a  sum  ©f  money  for  his  loss, 
which  the  merchant  refused  as  being  10  per  cent,  below  the 
estimated  value  of  his  loss ;  the  brokei?  then  offered  $i)79.76 
more  than  he  offered  at  first,  and  the  i?Iu>le  amount  of  the 
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second  offer  wss  5^  per  cent,  in  etcfps  of  th«  ^ftimftiad 
value.    What  was  that  valne  ? 

(216)  A  man  wishing  to  sell  a  horse,  asked  26  %  morp  ^^r 
than  it  cost ;  he  finally  sold  it  for  15  %  less  than  his  asking  *^ 
price,  and  gained  $5.76.     How  mnch  did  the  horse  cost  and 
what  was  the  asking  price  ? 

(217)  If  15  masons,  working  10  hours  a  day,  can  build  a 
wall  6  ft.  liigli  and  100  yd.  long,  in  6  days,  how  long  will  ii 
take  7  masons,  working  9  hours  a  day,  to  build  a  wall  9  ft. 
high  and  140  yd.  long? 

(218)  A  bankrupt's  assets  are  $2700,  out  of  which  he  paysy^ 
76  cents  in  the  dollar  on  half  his  debts,  and  60  cents  on  thev 
other  half.    What  is  the  amount  of  his  debts  ? 

(219)  If  a  ship  containing  160  hhd.  of  wine  pays  for  toll 
at  tho  Suez  Canal,  the  value  of  2  hhd.,  wanting  $80  ;  and 
another,  containing  240  hhd.,  pays  at  the  same  rate,  the 
value  of  2  hhd.  and  $90  besides  ;  what  is  the  value  of  wine 
per  hhd.  ? 

(220)  A  picture-gallery  consists  of  three  large  rooms ;  the 
first  is  20  yd.  long,  20  yd.  broad,  and  6  yd.  high  ;  the  other 
two  are  20  yd.  long,  20  yd.  broad  and  6  yd.  high.  Sup- 
posing the  wails  to  be  covered  with  pictures,  except  the 
doors,  which  are  8  ft.  high  and  3  ft.  wide,  and  of  whicii  each 
room  has  two,  what  mil  be  the  number  of  pictures,  the 
average  eize  being  8  feet  by  3  feet  ? 
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(221)  Sm^phfy    -^-^   X   ^-  ^  -^^-~ 

(222)  Find  the  square  roots  of  15376-248001  and  ^^7^^ 

(223)  A  general,  after  losing  a  battle,  found  that  l-.e  had 
only  two-thirds  of  his  army  left  fit  for  action  ;  one  ninth  oi 
tho  army  had  been  wounded,  and  the  remainder,  2000  men, 
killed  or  missing ;  of  how  many  did  the  army  oonsiat  before 
the  battle  ? 

(224)  A  contractor  sends  in  a  tender  of  #20,000  for  a  cer- 
•ain  work  ;  a  second  sends  in  a  tender  of  $19000,  but  stipn- 
lates  to  be  paid  $2000  every  three  months  ;  find  the  differ- 
ence between  tenders,  supposing  the  work  in  both  cases  tc 
be  finished  in  two  years,  and  money  U>  be  worth  7^  per  cent 
Bimple  interest- 


^ 
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{226}  Vv  ua;  smm  of  money  mast  be  left  in  order  that,  aftei 
a  legacy  duty  of  10  %  has  been  paid,  the  remainder  being 
invested  in  the  Dominion  5  per  cants,  at  91^  may  give  a 
yearly  income  of  $460,  brokerage  at  ^  %. 

(226)  If  two  boys  and  one  man  can  do  a  piece  of  work  in 
4  hours,  and  two  men  and  one  boy  can  do  the  same  in  8 
hours,  find  in  what  times  a  man,  a  boy,  and  a  man  and  ft 
boy  together,  respectively,  could  do  the  same. 

(227)  Show  that  the  interest  on  $15840  for  8  months  at 
8  per  cent,  is  equal  to  the  discount  on  $3696  for  15  months 
at  7^  per  cent. 

( 228)  A  piece  of  work  has  to  be  finished  in  86  days,  and 
16  men  are  set  to  do  it,  working  9  hours  a  day ;  but  after  24 
days  it  is  found  that  only  three-fifths  of  the  work  is  done; 
if  3  additional  men  be  then  put  on,  how  many  hours  a  day 
will  aU  have  to  work  so  as  to  finish  the  task  in  time  ? 

(229)  The  interest  on  a  certain  sum  at  simple  interest  is 
$860,  and  the  discount  $340  for  the  same  time  and  rate. 
What  is  the  sum  ? 

(230)  The  breadth  of  a  room  is  twice  its  height  and  hall 
its  length,  and  the  contents  are  4096  cubic  feet  Find  the 
dimensions  of  the  room. 


(231)  If  1  lb.  of  tea  be  worth  60  oranges,  and  70  oranges 
be  worth  84  lemons,  what  is  the  value  of  a  pound  of  tea  when 
a  lemon  is  worth  a  penny  ? 

(282)  At  a  certain  battle  two-thirds  of  the  defeated  army 
ran  away  with  their  arms,  five-sevenths  of  the  remainder 
left  their  arms  on  the  field,  and  of  the  rest  seven-eights  were 
missing,  the  remaining  600  being  either  killed  or  wounded. 
Find  the  whole  number  of  the  army. 

(288)  If  gold  be  at  a  premium  of  20  per  cent.,  and  a  person 
buy  goods  marked  186  dollars,  and  offer  gold  to  the  amomit 
of  186  doUars,  what  change  ought  he  to  receive  in  notes,  6 
per  cent,  being  abated  for  ready  payment  ? 

(284)  Show  that  the  difference  between  the  interest  and 
the  discount  on  the  same  sum  for  the  same  time  is  the 
interest  of  the  discount. 

(285)  I  boufrht  20  lbs.  of  opium  by  Avoir,  wt.  at  66  cts.  pei 
oz.,  an 3  sold  by  Troy  wt,  at  60  ots.  per  oz.  Did  I  gain  or 
lose  and  how  much  ? 

(286)  By  investing  a  certain  sum  of  money  in  the  6  per 
Muts  ^t  91^  a  man  obtains  an  iacome  of  $820 ;  what  would 
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be  obtain  by  inTesting  &n  «qaal  Bmn  in  the  6  per  cents  at  80. 
(2S7)  A  tradesman  makes  a  deduction  of  10  per  cent,  for 
ready  money  on  a  bill  of  ^28  dne  in  12  months,  reoeivmg 
$25.20.  Find  the  tlifference  between  this  sum  and  the  pre- 
sent worth  of  the  debt,  reckoning  interest  at  10  per  cent. 

(238)  M  invests  one-third  of  his  property  in  bank  stock, 
one-sixth  in  Consols,  and  the  remainder  in  railway  shares. 
When  he  sells  out  he  makes  a  profit  of  6  per  cent.,  8  per 
oent.,  and  2  per  cent,  respectively  on  the  investments,  and 
realise  ^6190.  Required  the  amount  of  his  property 
originally. 

(239)  Mr.  A  sent  $«681  to  his  agent  with  instmotions  to 
deduct  his  com.  at  2^%,  and  invest  the  balance  in  fiour  at 
97.60  per  bbl.  If  the  cost  of  freightage  and  insurance 
amounts  to  $119,  at  what  must  the  flour  be  sold  per  bbl.  so 
as  to  make  a  profit  of  20%  ? 

(240)  How  majiy  bricks,  9  inches  long,  4^  broad,  and  4  y 
thick,  will  be  required  for  a  wall  60  feet  long,  20  ft.  high.  \^ 
and  4  ft.  thick,  iJlowing  6^  per  oent.  of  the  space  for  morttf? 


(241)  What  is  the  value  of 

•25 of  ,V  of  |3~1  of  8  guineas? 

(242)  A  work  can  be  accomplished  by  A  and  5  in  4  days ; 
by  A  and  (7  in  6  days  ;  by  B  and  C  in  8  days.  Find  in  what 
time  it  would  be  accomplished  by  all  workmg  together. 

(243)  A  man  hired  a  labourer  to  do  a  certain  amonxxt  of 
work,  on  the  agreement  that  for  every  day  he  worked  he 
should  have  $1-50,  but  that  for  every  day  he  absented  him- 
seK  he  should  lose  60  cents.  He  worked  twice  as  many  days 
as  he  absented  himself,  and  received  on  the  whole  $72. 
Find  how  long  he  was  doing  the  work. 

(244)  A  legacy  of  $146000  is  left  to  three  sons  in  the  pro- 
portion of  i,  +,  and  i  respectively :  how  much  will  each 
receive  ? 

(246)  If  $10  is  a  proper  discount  off  $210  for  8  monthsjv/' 
what  should  be  a  proper  disooont  off  the  s&me  sum  for  1  w 
yeAr? 

(246)  The  price  of  gold  in  this  country  is  £S,  17s.  lO^d. 
an  ounce ;  find  the  least  number  of  ounces  which  can  be 
floined  into  an  exact  number  of  eovereiinis,  and  the  number 
Af  sovereigns  so  coined. 
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(247)  A  merchant  in  Toronto  inBtmcted  his  agent  in  Mon 
fcreal  to  sell  a  consignment  of  fionr  at  $7..50  per  barrel  an<3. 
iuvest  the  procoe(is  in  Montreal  bank  stock  at  174^,  which 
pays  half-yearly  dividends  of  7  %.  If  the  merchant's  first 
dividend  is  $445.50,  and  commissions  of  1  %  and  -^  %  be 
allowed  on  the  transactions,  respectively,  how  many  barrels 
of  flour  were  sold  ? 

(248)  State  the  connection  between  Troy  and  Avoirdnpoic 
weights.  A  ring  weighs  1  dwt.  4  gr.,  and  is  wortn  ^1.  2«.  ; 
if  1050  of  such  rings  be  packed  in  a  box  weighing  8^  lb., 
\i  hat  would  it  cost  to  convey  them  144  miles  at  the  rate  of 
5^.  per  long  ton  per  mile,  insurance  being  demanded  at  the 
rate  of  i  per  cent.  ? 

(249)  How  long  will  it  be  before  $2600  put  out  to  com- 
pound interest  at  10  per  cent,  per  annum  wiQ  obtain 
$1727.58^  as  interest  ? 

(260)  The  breadth  of  a  room  is  two-thirds  of  its  length  and 
three-halves  of  its  height,  and  the  contents  aro  5832  cubic 
feet.    Find  the  dimensions  of  tlio  room. 


(261)  Multiply  82856  by  121711,  using  8  iiuee  of  multi- 
plication only. 

/n.n^  o.      ,.^  2-8  of  2-i27    ,    4-4- 2-88       ^  6-8  of  8 

(252)  Simplify ~ —  -f     -. of  

1136  1-6-f  2-629  2-25 

(253)  An  agent  received  S21.70  for  collecting  a  debt  ol 
$2480.     What  rate  was  his  commission  ? 

(254)  A  man  sells  out  of  the  U.  a  6'3  5-20  of  86  at  92^  and 
r«3aiizoB  $25760.  If  he  invest  the  proceeds  in  Erie  R.  R. 
stock  at  45,  which  pays  a  yearly  dividend  of  8^%,  what 
alteration  in  his  income  has  ensued,  brokerage  on  each  oi 
the  two  transactions  being  |%  ? 

(255)  A  farmer  bought  a  horse  for  a  bill  of  $292,  due  in  1 
month,  and  sold  bim  for  a  bUi  of  $348,  due  in  4  months. 
What  did  he  gain  per  cent.,  money  being  worth  4^%  ? 

(256)  A  man  and  a  boy  are  to  work  on  alternate  days  at 
a  piece  of  work,  which  would  have  occupied  the  boy  alone 
IS  days.  If  the  boy  take  the  first  day,  the  work  will  be 
finished  half  a  day  later  than  if  the  man  commences.  Find 
how  long  they  would  take  to  do  it  working  together. 

(267)  Two  men  invest  $300  and  $100  in  a  machine  ;  it 
works  6  months  for  each  of  them;  determine  what  one 
must  pay  the  other,  if  they  would  have  made  80  per  cent, 
on  the  money  by  letting  the  machinf.5. 


('ii>8.  A  owfs  B  $2721*5,  and  offers  to  pay  him  at  a  certa  n 
T&te  oi'  discount  inetantly,  ijiRtead  of  at  the  end  of  two  yeare, 
when  the  debt  will  be  due.  B  can  place  out  the  money, 
•which  he  will  receive,  at  6  per  cent,  interest,  and  by  that 
means  gain  $25  on  the  transaction.  At  what  rale  is  the 
discour:t  Culcalated  ? 

(259)  If  36  men,  working  8  hours  a  day  for  16  days,  can 
dig  a  trench  72  yards  long,  18  wide,  and  12  deep,  in  how 
many  days  will  82  men,  working  12  hours  a  day,  dig  a 
trench  64  yards  long,  27  wide,  and  18  deep  ? 

(260)  A  man  discounts  a  bill  of  £180  drawn  at  4.  months 
at  60  per  cent,  per  ann.,  and  insists  on  giving  in  part  pay- 
ment 0  dozen  of  wine,  which  he  charges  at  4  guineas  a 
dozen,  and  a  picture,  which  he  charges  at  £19.  How  much 
ready  money  does  he  pay  ?  If  the  cost  to  the  man  of  the 
wine  and  the  picture  be  orly  one -fourth  of  the  sum  he  has 
charj;6d  for  them,  what  is  the  real  interest  the  man  has  been 
charged  ? 


261)  One-tenth  of  a  rod  is  coloured  red,  one-twentieth 
range,  one-thirtieth  yellow,  one-fortieth  green,  one-fiftieth 
blue,  one-sixtieth  indigo,  and  the  remainder,  which  is  302 
inches  long,  violet,  what  is  the  length  of  the  rod  ? 

(262)  The  discount  on  a  certain  sum  due  9  months 
hence  is  $20,  and  the  interest  on  the  sajne  sum  for  the  same 
time  is  $20.75.     Find  the  si^m  and  the  rate  of  interest. 

(2C3)  Two  persons,  walking  at  the  rate  of  3  and  4  miles 
per  hour  respectively,  set  off  from  the  same  place  in  opposite 
direclionn  to  walk  around  a  park,  and  meet  in  10  minutes, 
ind  the  length  of  the  walk  round  the  park. 

(264)  In  a  hundred  yards  race  A  can  give  B  four  and  0 
five  yards  start :  if  B  were  to  race  0,  giving  him  one  yard  in 
a  hundred,  which  would  win  ? 

;'265)  A  man  buys  an  article  and  sells  it  again  so  as  to 
r.m  5  per  cent.     If  he  had  bought  it  at  5  per  cent,  less,  and^ 
doid  it  for  $1  less,  he  would  have  gained  10  per  cent.     Find 
the  cost  price. 

.''266)  If  the  difference  between  the  simple  and  compound  ^ 

merest  or  a  sum  of  money  for  two  years  at  5  per  cent,  be 
■  ■',  Gud  the  sum. 

(207)  If  7  per  cent,  be  gained  by  selling  goods  for  $69.65t. 
what  vnll  be  gained  or  ioBt  by  eeUing  them  for  $61.75. 

;2m)  X  draft  on  Dublin  for  ^SGO  «ost  I1.7a6.10;   wha,t 


ly 
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was  tlie  course  of  exchange,  coin,  charged  at  the  rate  of  ^     it 
cent.  ? 

(269)  A  banker,  in  discounting  a  bill  due  in  3  months  «t 
8  per  cent.,  charges  ^16  more  than  the  true  discount.  Find 
the  amount  of  the  bill. 

(270)  A  grocer  mixes  i8  pounds  of  coffee  at  30  cents  a 
pound  with  12  pounds  of  chicory  at  5  cents  a  pound ;  at 
what  price  must  lie  sell  the  mixture  to  gain  25  per  cent.  ? 

(271)  The  To  Mowing  rule  has  been  given  to  divide  by 
3-14159:  "  Multiply  by  7,  divide  by  11,  then  by  2,  and  add 
^.th  of  ToMYTfth  of  the  result."  Find  the  error  made  in  obtain- 
ing 1  —-  ol4159  by  this  process. 

3  +  1  . 
(•J72)  Prove  that   7  t; >  is  greater  than  \  and  less  than  J. 

(273)  The  estate  of  a  bankrupt  (value  $21000)  is  to  be 
divided  among  four  creditors,  whose  clamis  are,  yl's  to  B\ 
as  2  to  3,  i>"s  to  O's  as  4  to  5,  C"s  to  D's  as  6  to  7.  What 
must  each  receive  ? 

(274)  Which  is  the  more  profitable  to  buy  flour  at  S6.50 
on  6  months,  or  $6,30  cash,  money  being  worth  8  %  ? 

(275)  If  $10.50  be  a  person's  income  tax  ■qA>  \\  cents  on 
the  dollar,  how  much  in  the  dollar  is  it  when  his  income- 
tax  is  $12.25? 

(276)  If  9  tons  7^  cwt.  of  iron  be  sold  for  S1260,  and  the 
gain  on  it  be  20  per  cent,,  what  was  the  cost  per  cwt.  ? 

(277)  I  send  to  my  agent  in  Montreal  $3060  to  mvest  in 
tea  at  75  cents  jier  lb. ;  he  deducts  his  commission  of  2  per 
cent.,  and  invests  the  balance.  At  what  must  I  sell  per  lb. 
so  as  to  make  a  clear  profit  of  25  per  cent,  after  paying 
freightage  $30,  and  insurance  at  the  rate  of  \  per  cent.  ? 

(278)  A  banker  borrows  money  at  of  per  cent.,  and  pays 
the  interest  at  the  end  of  the  year ;  he  lends  it  out  at  5  per 
cent.,  but  receives  the  inierest  half-yearly,  and  by  this  means 
gains  ^200  a  year ;  how  much  does  he  boiTOW  ? 

(279)  A  dealer  sends  out  250  lbs.  of  tea  at  80  cents  per  lb. 
and  allows  2 4  per  cent,  on  the  price  for  the  expense  o^'  car- 
riage. Supposing  the  whole  amount  of  carriage  to  come  to 
$9.30,  how' much  will  the  customer  have  to  pay? 

(280)  A  plate  of  gold,  3  inches  square  and  one-eighth  of 
an  inch  thick,  is  extended  by  hammering  so  as  to  cover  a 
surface  o;*'  "^  vards  square  :  find  its  proper  thickness. 
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(281)  A  man  having  a  flock  of  sheep  sold  8  per  cent,  of 
them  to  A,  90  to  B,  3.V  per  cent,  of  the  remainder  to  C,  iind 
29  to  1>.     He  then  had  550  left.    How  many  had  he  at  fir^  ? 

(282)  The  product  of  the  1st  and  2nd  of  three  nvmibers  is 
176382;  of  the  1st  and  3rd  is  279152  ;  of  the  2nd  and  ord  is 
215496  :  what  are  the  numbers? 

(283)  Find  the  rate  of  2  trains  150  ft.  and  180  ft.  long 
respectively  which  pass  each  other  going  the  same  way  in 
15  sees.,  and  going  in  opposite  du-ections  in  3  sees. 

(284)  By  selling  tea  at  72  cents  a  pound  a  grocer  clears  i 
of  his  outlay.  He  then  raised  the  price  to  90  cents.  "What 
does  he  clear  per  cent,  by  the  latter  price  ? 

(285)  A  grocer  buys  If  cwt.  of  tea  at  60  cents  per  lb.  and 
2^  cwt.  of  tea  at  50  cents  per  lb.,  and  mixes  them  ;  he  sells 
2|  cwt.  at  55  cents  per  lb.  :  at  what  rate  must  he  sell  the 
remainder  to  gain  20  per  cent,  on  his  outlay  ? 

(286)  In  England  gunpowder  is  made  of  75  parts  nitre, 
10  sulphm',  and  15  charcoal ;  in  France  of  77  parts  nitre,  9 
sulphur,  and  14  charcoal :  if  half  a  ton  of  each  be  mixed, 
what  weight  of  nitre,  sulphur,  and  charcoal  will  there  be  in 
the  compound  ? 

(287)  A  ship  40  miles  from  the  shore  springs  a  leak,  which 
admits  3f  tons  of  water  in  12  minutes.  60  tons  would 
suffice  to  sink  her ;  but  the  ships  pumps  can  throw  out  12 
tons  of  water  in  an  hour.  Find  the  average  rate  of  saihng 
that  she  may  reach  the  shore  just  as  she  begins  to  sink. 

(288)  The  receipts  of  a  railway  company  are  apportioned 
in  tlie  following  manner :  48  per  cent,  for  the  working  ex- 
penses, 10  per  cent,  on  one-fifth  of  the  capital,  and  the 
remainder,  ^32010,  for  division  among  the  holders  of  the 
rest  of  the  stock,  being  a  di\idend  at  the  rate  of  4  per  cent. ; 
find  the  capital  and  the  receipts. 

(289)  If  the  discount  on  a  sum  duo  at  the  end  of  2i  years 
Is  If  of  the  simple  interest,  at  what  rate  is  that  calculated  ? 

(•290)  If  a  crew,  which  can  row  from  A  tv  B  in  60  minutes, 
can  row  from  B  to  A  in  55  minutes,  compare  the  rates  of  the 
stream  and  boat. 

(291)  Sunplify 

(c)  0^1  (6)  61  +  5^x31-7^ 

H  +  2i-4v, 


li-r-(liXi4i) 


s/ 


(292)  if  3  uiQM  Aiid  6  women  do  %  piece  o*  ^^rk  'in.  B  da.j: 
wliich  2  men  and  7  cliildreu  can  do  in  12  ;  tind  how  long  i 
men,  14  children,  and  15  women  working  together  will  i^i^i^ 
.)  do  It. 

(298)  A  person  possessing  ^10000,  8   per  cent,  oonaol- 
Bells  oat  when  they  are  at  93^,  and  invests  the  proceeds  ia 
4  per  cent,  stock  at  101^-:  nnd  the  change  in  his  incoms, 
allowing  ^  per  cent,  commission  on  each  transaction. 

(294)  Five  men  do  -GOOB  of  a  piece  of  v/o  k  in  2*12  hotirg: 
liow  Ions:  will  6  boys  take  to  finish  it,  it  being  known  that  8 
men  and  7  boys  have  done  a  similiar  piece  of  work  in  8 
honrp  * 

•  (296)  A  watch  set  accurately  at  12  o'clock  indicates  1 
minutes  to  6  at  6  o'clock ;  what  is  the  exact  time  when  the 
watch  indicates  5  o'clock  ;' 

(296)  A  does  f  of  a  piece  of  work  in  20  days,  and  then 
gets  B  to  help  him.  They  work  together  for  2  days,  when  B 
leaves  and  A  finishes  the  work  in  half  a  day  more.  How 
long  would  B  have  taken  to  do  the  whole  ? 

(297)  The  wages  of  6  men,  3  women,  and  1  child  amount 
to  $84,  a  man  receiving  twice  as  much  as  a  woman,  and  a 
woman  three  times  as  much  as  a  child.  What  will  be  the 
wages  of  6  men,  2  women,  and  6  children  ? 

(298)  If  6  per  cent,  be  gained  by  selling  a  horse  for 
SI 32. 50,  how  much  per  cent,  is  lost  by  selling  him  for  $115  ? 

(209)  A  person  invests  ^6825  in  6  per  cent,  stock  at  91 
he  sells  out  $5000  stock  vvhon  it  has  risen  to  93^,  and  tb. 
remainder  when  it  has  fallen  to  85.  How  much  docs  lie 
gain  or  lose  by  the  transaction  ?  If  he  invest  the  produce 
in  M.  B.  S.,  which  pays  a  dividend  of  12  per  cent.,  ai  175, 
what  is  the  difference  of  his  income  ? 

(800>  The  flooring  of  a  room,  14  ft.  8  in.  long  by  18  ft.  4 
m.  broad,  ia  composed  of  \  in.  planks,  each  8  in.  wide  and 
10  ft.  long.  How  many  wiU  be  recjuired  ;  and  what  will  be 
the  weight  of  the  whole,  if  1  eubio  mch  of  wood  weighs  halt 
en  ounce  ? 


129-4947 
(BOl)  Find  the  iquare  roots  of  4957 -6681  ajid  -go-TS" 

(302)  At  what  TAte  will    $157.60    ^mount  to  #189   Id   * 
yf.aj'B  ? 

(303)  Two  bills  fo/  ^278,75  and  $4^6.87^  are  due  on  thfs 
Sad  «Lnd  'l^uA  J«dy  reapeotively.    Wh  .t  is  their  valo«  on  th* 
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12th  July,  interest  being  reckoned  at  the  rate  of  5  per  cent, 
per  annum  ? 

(304)  If  a  cask  contain  3  parts  v.ine  and  1  part  water, 
how  much  of  the  mixture  must  be  drawn  off  and  Wiiter  sub- 
stituted for  the  mixture  in  the  cask  to  become  half  and  half? 

(305)  Three  tramps  meet  together  for  a  meal;  the  first 
has  5  loaves,  the  second  3,  and  the  third,  who  lias  his  share 
of  the  bread,  pays  the  other  two  8  half-pence ;  how  ought 
they  to  divide  the  money  ? 

(306)  If  the  discount  on  a  bill  due  8  months  hence  at  7A 
per  cent,  per  annum  be  $48.75,  what  is  the  amount  of  the 
biU? 

(307)  A  began  business  with  a  certain  capital.  The  first 
year  he  gained  20%,  which  he  added  to  his  capital;  the 
second  year  he  'gained  37^%,  which  he  also  added  to  his 
capital ;  the  third  year  he  lost  40%,  and  now  found  liimself 
$200  worse  than  when  he  began  business.  Find  the  capital 
with  which  he  began. 

(308)  A  man    seUs  two  horses  for  $100  each,  and  by  so     ^^ 
doing  gains  25  per- cent,  on  one  horse  and  loses  25  per  cent.  \r 
on  the  other.    What  did  the  horses  cost  him  ?    Does  he  gain 

or  lose  on  the  whole  ?, 

(309)  The  difference  between  the  interest  and  the  discount!^ 
on  a  certain  sum  of  money  for  6  months,  at  4  per  cent.,  is  ^ 
§2  :  what  is  the  sum  ? 

(310)  A  cistern  without  a  top  is  27  ft.  long,  22  ft.  wide, 
and  6  ft.  6  in.  deep  :  what  will  it  cost  to  paint  it  inside  and 
out,  at  4^  cents  a  square  yard  ? 


(311)  Simphfy 

(a)     3  -  ^ divided  by  1  +  - 


5.^  -  3^  -^  lA  +  2| 


3  +  -^ 


4V 


(312)  Three-fom:ths  the  selling  price  of  goods  is  20%  less 
than  cost.  Find  the  gain  per  cent,  at  which  the  goods  are 
sold. 

1 313)  A  sum  of  money  amounts  in  10  yrs.  at  7^%  simple 

rorest   to   ^737^.     In  liow  many  vefirs  will  it  amount  to 

.'OO.  • 
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(814)  I  spont  26%  more  thftn  my  incomo  in  a  cortaiix 
year  ;  for  each  of  the  next  four  years  I  eaved  62  %  of  it  and 
then  I  had  found  that  I  had  lived  within  it  and  had  $60 
besides.     What  was  my  income. 

(316)  A  school  rate  of  6  mills  per  dollar  and  ft  general 
purpose  rate  of  8  mills  in  the  dollar  produce  a  tax  of  $101.40 ; 
ijud  the  assessed  value  of  the  property. 

(316)  A  grocer  has  225  lb.  of  tea,  of  Tvbich  he  Bells  45 
lb.  at  72  cents  per  lb.,  and  only  gains  8  per  cent,  at  thia 
price.  He  now  raises  the  price  so  as  to  gain  10  per  cent, 
on  the  whole  outlay.     What  m  the  price  when  raised  ? 

(317)  If  I  owe  $2,000,  to  be  paid  in  4  months'  time,  and 
I  pay  $600  now,  what  extension  of  time  ought  to  be  allowed 
me  for  the  payment  of  the  remainder,  reckoning  money  to 
be  worth  8  per  cent,  per  annum  simple  interest  ? 

(318)  A  and  B  run  a  mile  race  :  at  first  A  runs  11  yards 
to  B'»  10  ;  but  after  A  has  run  half  a  mile  he  tires  and  runs 
9  yards  in  the  time  in  which  he  at  first  rau  11,  B  running 
ftt  his  original  rate.     Which  wins,  and  by  how  much  ? 

(819)  A  woman  buys  a  certain  number  -of  eggs  at  21  a 
shilling,  and  the  same  number  at  19  a  shilling ;  she  mixes 
them  together  and  sells  them  at  20  a  shilling  :  how  much 
does  she  gain  or  lose  per  cent,  by  the  transaction  ? 

(320)  A  room  whose  height  is  11  feet,  and  length  twice 
its  breadth,  takes  148  yards  of  paper  2  feet  wide  for  its  four 
walls  :  how  many  yards  of  gilt  moulding  will  be  required  ? 


(821)  Simplify 

4*4.Ui_54i  5  1 

iJti  iiii -^  X  (u  X  6i)  -h  i  -f  irr 

6ix3i -^xi?-f-lg         ^ 

»D(\  iind  their  sum. 

(322)  Simplify  (-006  of  £2. 1».  8<X.-f- 3*464  ol  ^8.  6».)  X  5^*^. 

(828)  Two  boys,  A  and  B,  come  into  schooi  punctually 
by  their  own  watches,  v/hich  are  quite  right  at  9  o'clock  on 
Monday  morning.  A's  watch  gains  two  minutes,  and  B'a 
watch  loses  a  minute  and  a  half  every  day :  find  how  much 
Inter  B  will  be  than  A  at  Friday  afternoon  school,  2  p.m. 

(824)  Two  gangs  of  6  and  9  men  are  set  to  reap  two  fields 
of  86  and  45  acres  respectively.  The  first  gang  works  7 
hour&  in  the  day,  and  the  latter  8  hours.  If  the  first  gang 
complete  their  work  in  12  days,  in  how  many  days  will  th» 
second  gang  complete  theirs  ? 
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(82,^;  A  grocer  hnya  some  tea  at  48  cents  per  lb.  and  some 
tt  66  cents;  in  what  proportion  must  he  mix  tiiem  that 
when  ho  sells  at  72  cents  per  lb.  he  may  be  making  a  profit 
of  20  per  cent.  ? 

(826)  A  pays  $3.00  more  tax  than  B,  their  incomes  being 
equal :  hving  in  different  towns,  they  are  rated  at  1^  cents 
and  1^  cents  in  the  dollar  respectively  :  what  is  4'« income  ? 

(327)  A  bankrupt  can  pay  40  cents  in  tlio  $  ;  if  his  assets 
were  $500  more  he  could  pay  46  cents.  Find  his  debts  and 
ids  assets. 

(328)  If  a  piece  of  work  can  be  done  in  50  days  by  86  men 
working  at  it  together,  and  if,  after  working  at  it  for  12  days, 
16  of  the  men  were  to  leave  the  work ;  find  the  number  of 
days  in  which  the  remaining  men  could  finish  the  work. 

(329)  Alfred  owed  Robert  two-thirds  of  the  amount  that 
Robert  owed  Charles ;  and  to  settle  matters,  Robert  gave 
lOd.  to  Alfred,  who  then  paid  Charles:  what  did  Robert  owe 
Charles  ? 

(330)  The  length,  breadth  and  height  of  a  wooden  box  are 
4  ft.,  2^  ft.,  3  ft.  respectively.  Find  the  cost  of  painting  the 
outside  at  1«.  Qd.  a  square  yard. 


(831)  Simplify 

5j_7i-^2a3^-fi  '      4.     ^    (3$><5f)      Ut. 
and  find  their  sum. 

(832)  A  man  walks  a  certain  distance,  and  rides  back  in 
8  hours  45  min.:  he  could  ride  both  ways  in  2^  hours.  How 
long  would  it  take  him  to  walk  both  ways  ? 

(388)  I  have  to  be  at  a  certain  place  in  a  certain  time,  and 
I  find  that,  if  I  walk  at  the  rate  of  4  miles  per  hour,  I  shall 
be  five  minutes  too  late,  if  at  the  rate  of  5  miles  per  hour,  I 
shall  be  10  minutes  too  soon.     How  far  have  I  to  go  ? 

(834)  A,  B,  <7,  and  D  enter  into  partnership:  A  and  B 
contribute  $1390,  B  and  C  $1590,  G  and  I)  81810,  A  and  D 
Ct610,  A  and  0  $1600  :  they  gain  ^1152  :  what  is  the  share 
uf -each  ? 

(385)  On  a  stream,  B  is  intermediate  to  and  equidistant 
from  A  and  C ;  a  boat  can  go  from  .i  to  J5  and  back  in  6  hr. 
16  min.,  and  from  ^  to  C  in  7  hr.  How  long  would  it 
take  to  from  O  to  ^  ? 

(836)  I  have  a  certain  sum  ot  money  wherewiih  to  buy  » 
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certain  number  of  nuts,  and  I  find  that  if  I  buy  at  the  nxe 
of  40  for  10  cents  I  shall  spend  5  cents  too  much ;  if  at  the 
rate  of  50  for  10  cents,  10  cents  too  little.  How  much 
money  had  I  ? 

(337)  If  A  has  $38940  to  invest,  and  can  buy  Toronto 
city  6%  bonds  at  98^,  or  Montreal  Corporation  Consolidated 
7%  stock  at  117^,  how  much  will  the  one  transaction  be 
better  than  the  other,  brokerage  being  ^%  ? 

(338)  What  must  be  the  face  of  the  note  for  3  mos.  made 
on  18th  Aug.,  so  that  discounted  at  7^  per  cent,  on  the  day  of 
maldng  at  the  bank  tlie  i)roceeds  may  be  $14315  ? 

(339)  If  in  a  meadow  of  20  acres  the  grass  grows  at  a 
uniform  rate,  and  133  oxen  consume  the  whole  of  the  grass 
on  it  in  IB  days,  or  that  28  oxen  5  acres  of  it  in  16  days  : 
liow  many  oxen  can  eat  up  4  acres  of  it  in  14  days  ? 

(340)  In  a  constituency,  in  which  each  elector  may  vote 
for  two  candidates,  half  of  the  constituency  vote  for  A,  but 
divide  their  votes  among  B,  C,  D,  E,  in  the  proportions  of 
4,  3,  2,  1 ;  of  the  remainder,  half  vote  for  B,  and  divide 
their  votes  among  0,  iJ,  £J,  in  the  proportions  of  3,  1,  1 ; 
two-thirds  of  the  remainder  vote  for  D  and  i/,  and  540  do 
not  vote  at  all ;  find  the  order  on  the  poll,  and  the  whole 
number  of  electors. 


/  -24  +  •53\ 

(341)  Simphfy  U  of  2|  +  6^  --  2|  +      5^  +— -r 

\  2*2  —  "64  / 


2-2  — -64/ 


(342)  Simphfy  ji.  ^f  |  ^  iqi  X  f  of  jg- 


(343)  When  the  New  York  gold  market  is  at  104f ,  what 
would  I  get  for  $2304.50  currency. 

(344)  A  person  invests  S9450  in  5h  per  cent,  stock,  so  as 
to  receive  an  income  of  $787.50 ;  what  was  the  price  of  the 
stock  ? 

(345)  Two  pipes  A  and  B,  would  fill  a  cistern  in  25  min- 
utes and  30  minutes  respectively.  Both  are  opened  together, 
but  at  the  end  of  8|-  minutes  the  second  is  turned  oft.  In 
how  many  minutes  will  the  cistern  be  filled  ? 

(346)  A  man  for  5  years  spends  ^40  a  year  more  than  his 
income.  If  he,  at  the  end  of  that  time,  reduce  his  expendi- 
ture 10  per  cent,  in  4  years  he  will  have  paid  off  his  debts 
and  saved  ^120.     Find  his  income. 

(347)  The  sum  of  ^6177  is  to  be  divided  among  15  men,  20 
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women*  and  80  children,  in  snoh  a  manner  that  a  man  au<^. 
a  child  may  receive  together  as  mnch  as  two  women,  p-rnlall 
the  women  may  together  receive  £^0  ;  what  will  they  each 
reepeotively  receive  ? 

(848)  K8000  metres  be  equal  to  6  miles,  and  if  a  cubic 
fathom  of  water  weigh  six  tons,  and  a  cubic  metre  of  water 
1000  kilogrammes,  find  the  ratio  of  a  kilogram  me  to  a  pound 
avoii-dupois,  (Longtou). 

(349)  A  mixture  of  soda  ana  potash,  dissolved  in  2540 
grains  of  water,  took  up  980  grains  of  aqueous  sulphuric 
acid,  and  the  weight  of  the  compound  solution  was  4285 
grains.  Find  how  much  potash  and  how  much  soda  the 
mixture  contained,  assimiing  that  aqueous  sulphuric  acid 
unites  with  soda  in  the  proportion  of  49  grains  to  82,  and 
with  potash  in  the  proportion  of  49  to  48. 

(850)  A  room  is  21  ft.  long,  15  ft,  6  in.  wide,  10  ft.  high  ; 
it  contains  8  windows,  the  recesses  of  which  reach  to  the 
ceiling,  and  are  4  ft.  6  in.  wide  ;  there  are  in  it  4  doors,  each 
.;  ft.  6  in.  high  and  3  ft.  3  in.  wide ;  the  fire-place  ia  6  ft.  wide 
and  4  ft.  high ;  a  sMrting  1  ft.  8  in.  deep  runs  round  the 
"^alls ;  find  the  expense  of  papering  the  room  at  6  c%nts.  « 


ANSWERS 

Ex.  (i),   p.  6. 

(i)  Be  Ten ;  thirteen  ;  forty-five ;  fifty-iiine  ;  three  hnndred 
and  twentynux  ;  four  thousand,  five  hundred  and  seventy- 
ei^ht 

(2)  Ninety  ;  one  hundred  and  ten ;  two  hundred  alxc^ 
Beven  ;  four  thousand,  three  hundred  ;  four  thousand  and 
thirty-six  ;  four  thousand,  three  hundred  and  six. 

(8)  Seven  hundred  and  eighty;  six  hundred  and  nine; 
five  thousand,  three  hundred  and  sixty  ;  two  thousand  and 
twenty ;  one  thousand,  one  hundred  and  one. 

(4)  Thirty-six  thousand,  four  hundred  and  ninety-seven ; 
forty-nine  thousand,  five  hundred  and  thirty-two  ;  six 
hundred  and  fifty-four  thousand,  three  hundred  and  twenty- 
one;  seven  hundred  and  forty-three  thousand,  two  hundred 
and  sixty-nine. 

(6)  Forty-five  thousand;  thirty- two  thousand,  six  hundred; 
seventy-five  thousand,  two  hundred  and  thirty ;  five  hundred 
thousand. 

(6)  Eight  millions,  five  hundred  and  seventy-two  thousand, 
nine  hundred  and  fourteen ;  three  miUions,  four  hundred 
and  sixty-nine  thousand,  two  hundred  and  eighteen ;  four 
milHons,  six  hundred  and  twenty-nine  thousand,  eight 
hundred  and  seventeen. 

(7)  Nine  millions ;  twenty-nine  millions  ',  seven  htmdred 
and  fifteen  millions. 

(8)  Nine  hundred  and  ten  millions,  three  hundred  and 
seven  thousand,  two  hundred  and  forty ;  three  hundred  and 
seven  miUions,  four  thousand  two  hundred  and  five ;  three 
hundred  and  eighty  millions,  five  hundred  and  three  thousand 
and  forty. 

(9)  Two  hundred  and  forty-three  billion*,  seven  hundred 
and  fifty-nine  millions,  two  hundred  and  sixty-eight  thou- 
sand,'three  hundred  and  forty -two ;  three  hundred  and  seven 
biUions,  four  hundred  and  five  millions,  six  thousand,  two 
hundred  *nd  seventy. 
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see 


U 

(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 

(12; 
(13) 

(14) 

(15; 

(16) 

fl7) 
18) 


a) 

6) 


(10) 


4) 

(7) 
(10) 


(1) 

(4) 

(7) 

(10) 

(18) 


Kx.  (ii),  p,  ». 

9;  i2:  17;  19 ;  18  :  IB;  11. 

23  ;  a?  ;  35  ;  38  ;  44  ;  iO  ;  26  ;  84. 
67  ;  75 ;  62  ;  83  ;  74  ;  92 ;  68 ;  95. 
76;  22;  50;  15;  23;  61 ;  49 ;  18 :  90 ;  78. 
107;  130;  240;  .^2;  608;  740;  99i». 
836  ;  747 ;  410 ;  913 ;  750  ;  384. 
818  ;  808 :  206  ;  430 ;  512 ;  787. 
7845;  9687;  12000;  8400;  6003;  86040. 
5470 ;  8650  ;  8780  ;  1247  ;  4808. 
6004 ;  7022  ;  8500 ;  9047  ;  2017  ;  19402. 
70007;  60000;  14014;  70017;  12303;  16005. 
356728 ;  640842  ;  900000  ;  800040. 
7000000  ;  4576865  ;  75806940. 

815000000;  5040000;  8000700;  18000020;  70000000'i 
815674018003  ;  85600000520. 
7000000000;  5800000600047;  800000004800?. 
805005004006008 ;  530000530oH. 
9000000000009;  900000(XK)00900 ;  19000000019000 
1000001001101. 

Ex.  (iii)  T>.  9 

1. 
Twenty-seren.       (2^     Forty-amp.       (3)     Sixty-eigW 
Seventy-three,       (6)     Ninety-two. 
One  hundred  and  forty-four. 
One  hundred  and  sixty-three. 
One  hundred  and  ninety-mne. 
Six  hundred  and  sixty-lour. 
One  thousand  eight  hundred  and  seventy-trra. 

2. 
XXXyil.  (2)    LIX.  (8)    LXII. 

LXXXVII.         (6)    XCV.  (6)    CXXXIX. 

CXLV.  (8)    CLXXIX.    (9)    DCCCXLVI 

MDCCLXIII. 


11;  16;  20;  26. 

60. 

738. 

1671. 
88633. 
208. 
12932. 


Ex.  (iv),  p.  10. 

(2)  98. 

(6)  1409. 

(8)  4971. 

(11)  2008. 

(14)  880. 

(17)  28206. 

(201  1163. 

(•i;-?)  106384. 


(8) 

m 


67. 

949. 

28406. 
(12)  8810. 
(15)  28498. 


(18)  18626. 
(21)  9289. 
CM)     69228, 


•>;fj 

AN8\r.^Hifl, 

25).  . 

;>54271. 

(26)  1450741. 

(27) 

680077891. 

28)  ]  B43083. 

(29)  1979628. 

(30) 

1184946. 

81)  £ 

^782272. 

(32)  8476908. 

(38) 

799819. 

34)  60303150. 

(86)  20826857. 

(36) 

1462120B. 

87)  112251. 

(HS)  764368. 

(39) 

1825947. 

h))     227o^6697. 

\lx.   (v),  p.  14. 

(1) 

7. 

(2)  8 

(S) 
(6) 

19. 

\M 

29. 

(6)  34. 

64. 

?,;>. 

(8)  29. 

(9) 

45. 

(10) 

(13) 

e^. 

(11)  609. 

(12) 
(16) 

82, 

;>808. 

(14)  2112. 

4228. 

(10) 

6222. 

(17)  61471. 

(18) 

108. 

(19) 

2779. 

(20)  28828. 

(21) 
(24) 

2761. 

(22) 

881. 

(23)  46. 
(26)  6457. 

82. 

(25) 

2U42. 

(27) 
(80) 

6780, 

(28) 
(31^ 

61195. 

(29)  10999. 
(32)  60023. 

1096. 

18467. 

(33) 

13378402, 

(34) 

1. 

(35)  999000. 

(36) 

99900000 

(37) 
(40) 

9999999n[«y. 

(38i  8. 
(41)  693. 

(42) 

26. 

610. 

159. 

(48) 

819. 

w;x.  (vl).  p.  m 

(i) 

45. 

(2)  '6(A. 

(8) 

49a 

(^) 

870. 

(5)    684. 

m 

861. 

c^) 

9273. 

(8)  11364.   (9) 

60;  76:  176;  2ii5 

(l-j) 

635:  1016;  1270;  1397;  2540; 

8890. 

(11) 

9868;  14802 

;  27137  ;  29604  ;  1233500 ; 

17269000. 

(12) 

386861;  411719;  449148;  1871450000; 

2994320000000. 

Ex.  (vii),  p.  19. 

iV 

845. 

.  (2)  1073. 

(3) 

1620. ' 

(4S 

1820. 

(5)  8000. 

(6) 

18734. 

8815. 

(8)  80086. 

(9) 

93940. 

m 

154G992. 

(11)  7417784. 
Ex,    (viii),  p,  20. 

(12) 

679826931. 

(1) 

173482. 

(2)  128904. 

(8) 

409854. 

872bu2. 

(5)  2274048. 

(6) 

2667640. 

0} 

89342154. 

(8)  51212122. 

(9) 

819766614 

(10) 

152847420. 

(13)  68876823669. 

(12) 

34808742150( 

).       (13)  38871923744. 

(14) 

S340400440. 

(35)  205990965442. 

C)  6094850127G3- 

18)  703004503. 

:0)  8454300833. 

:■)  61110H4t>167. 

•4)  24259354428. 

,26)  13575555747. 


,1)  0840. 


(1)  225, 

(4)  3249. 

(7)  7569. 

(10)  66169. 

(18)  622521. 

(16)  15625. 

'19)  804357. 


i2i; 

(23) 
(25) 

(27) 

Ex.  (ix).  p.  21. 


(2)  1909680. 

Ex.  (x)  p.  21. 

(1)  676. 

15)  4761. 

(3)  10000. 

ill)  390626. 

(14)  1331. 

(17)  10S823. 

(20)  1000000. 


•:342d7058olO'x\ 

.;590386740. 

4930038124. 

M07009621. 

248155914760. 

249493596792. 


21111043844000. 


(3)  1600. 

(6)  6184. 

(9)  12996. 

(12)  804609. 

(15)  2197. 

(18)  314482. 

(21)  16974593. 


2)  45118016.  (23)  156590819.   (24)  348913664. 


9nl504803. 


JSx.  (xi),  p.  24. 


(2) 
(8) 
(10^ 
(14) 
(18) 
(22) 


(1)  8. 

(5)  14. 

(9)  108. 
(13)  56285. 
(17)  2104. 
(21)  56169. 
(25)  317649.  (26) 
(29)  3469805. 
(32)  6642300741. 
(35)  800071. 


(1)  3426. 


8. 
14. 

13. 

241248. 

1755.^. 

6678094 

391525. 

(30)  6827462 

(83)  84629742S1 

(86^  29970. 


(3)  12. 

(7)  24, 
(11)  628. 
(15)  458097. 


(4)  11. 

(81  108. 
(12)  1082. 
(16)  7589523, 


(19)  24000729.  (20)  2019 
(23)  4348432.  (24)  5072. 
(27)  89876548.  (28)  30207. 
(31)  472304974. 

;34''  90807. 


Ez.  (xii),  p.  U.  % 

(2)  6487.      (8)  64008924. 


Ex.  (xiii),  p. 


(1)  3826.        (2)  241987. 
(4)  1749864      (5)  1243904. 
(7)  79267440.     (8)  396547. 
(10)  444513674545.  (11)  6947544611 
ri8)  2131962,  1421808,  1065981. 
.14)  810218774,  2GGS12516,  155109887. 
I  13770459102,  9180806088,  oe^;522956* 
90S6784,  6816115,  5169880. 


2162558. 
600608. 


(9)  669872. 


;\'j4Qr\0i'\(yi,iirf 
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AHaAiins. 


(J?,  '  !>;i50840,  122719275,  109088srk'Ju 

(18t  4!i9i;>100,  29820850,  26063000. 

(19;  1188764,  724668,  664279. 

(20)  4224924,  2688588,  2464539. 

/2i)  •J62341110,  612898892,  6618C565L 


^ 

Ex.  (xv),  p.  28. 

(1) 

B,  0. 

(2  J  2,  3,4,  8.9,     (8)  8,  5,9.  11 

(4) 

2,  8,  6,  10. 

(5)  2,  8,  4,  8,  9.     (6)  8,  6,  9. 

(7) 

2,  4,  8. 

(8)  5.           (9)  2,3,4. 

(10) 

2,  3,  4,  5,  8 

,  9.      (11)  2,  11. 
Ex.  (.^vi),  p.  29. 

(1) 

2,  3,  3. 

(2)  2,  2,  2,  3.    (3)  3,  8,  3. 

(4) 

2.  2,  2,  2,  2 

.  (5)  2,  2,  8,  3.    (6)  8,  13. 

0) 

2,  8,  7. 

(8)  8,  17.       (9)  2,  3,  3,  3; 

(10) 

8,  19. 

(11)  2,2,8,3,   (12)  6,17. 

(13) 

7,  13. 

(14)  3,3,11.    (15)  2,2,6,6. 

(16) 

3,  5,  7. 

(17)  2,  2,  3,  3,  3.  (18)  2,  2,  2,  2,  7. 

(19) 

2,  2,  3,  11. 

(20)  2,  2,  2,  2,  11. 

(21) 

2,  2,  2,  2,  2 

,  8,  8.    (22)  2,  2,  2.  2,  3,  8,  8. 

(23) 

8,  5,  5,  7. 

(24)  5,  5,  6,  6. 

(26) 

8,  8,  8,  8,  8 

,  3.      (26)  8,  3,  3,  37. 

(27) 

2,  2,  2,  2,  3 

,  3.  3,  3   (28)  2,  2,  2,  2,  2,  5,  11. 

(29) 

2,  2,  2,  2,  2 

,  2,  2,  3,  3,  5. 
Ex.  (xvii),  p.  29. 

(1) 

i4) 

4858. 

(2)  9806.     *  (3)  147474, 

806892. 

(6)  420077.     (6)  1594432. 

(7) 

8104199. 

l'8)  11976096.    (8)  32661000. 

(10) 

4842856. 

ai)  48482280.   (12)  10188680000. 
Ex.  (xriii),  p.  30. 

a)  2472. 

(2)  452786.       (8)  41798032. 

4)  42870218. 
7)  74232667. 

(5)  8642934.      (6)  42765328. 

(8)  14287262,     (9)  204074. 

10)  486876.    (11)  8781076.     (12)  784978. 

18)  37296. 

Ex.  (lix),  p.  31. 

{^> 

94,  rem. 

14.      (2)    11860,  rem.  86. 

-.3) 

18573,  rem. 

17.      (4)     878,  rem.  22. 

fi) 

106531,  rem. 

35.      (6)   844880,  rem.  86. 

(7) 

849,  rem. 

20.      (8)    2892,  rem.  134. 

(9) 

11447,  rem. 

72.     (10)   965316,  rem.  718. 

(11) 

IQQOH,  rem. 

8669.    (12)  10000821,  rem.  1812. 

ANSWXB0.  MW 


Ex. 

(XX),  p. 

82. 

(3) 

276,  rem.  18. 

m 

36724,  rem.  11. 

2878,  rem.  9. 

(•i) 

20174,  rem.  18. 

(«) 

28998,  rem.  22. 

(6) 

21074998,  rem.  2fi. 

(7) 

86629,  rem.  23. 

(8) 

246926,  rem.  21. 

(9) 

7429,  rem.  7. 

(10) 

129295,  rem.  33. 

(11) 

298765-5,  rem.  19. 

(12) 

4236,  rem.  67. 

(13 

423,  rem.  72. 

(14) 

604,  rem.  128. 

(16 

6687,  rem.  207. 

Ex.  (xxi),  p.  33. 
a)     !•  (2)     472369.  (3)     624.  (4)     8012. 

Examination  Papers^     (Page  40.) 

(L) 

(1)  Fonr millions,  two  hundred  and  thirty-seven  thousand, 
four  hundred  and  ninety- six;  663812. 

(2)  196181.  (8)  7829. 

(4)  4253111 ;  16362894.   (6)  935977 ;  7429. 

(H.) 

(1)  25257630  ;  four  hundred  and  two  millions,  fifty  fehoo- 
aand  four  hundred  and  seven. 

{2)  16992009.  (3)  26438313;  99914S0U. 

(4)  838091,  rem.  63.  (6)  1176427 ;  130603. 

(in.) 

(1)  Ten  billions,  ten  millions,  two  hundred  and  one  thou- 
sand,  four  hundred  and  one;  1023001;  10011224405}; 
2046002. 

(2)  1546478844;  1577918S1 6.     (8)     2287069,  rem.  11. 


(4) 

81405999.             (6)     5226,  rem.  33. 

<IV.) 

(f5) 

1888.                  (2)  7482229,  rem.  92 
2,  2,  2,  7  ;  2,  8,  18 ;  2,  8,  19.  (4)  12000690. 
999899. 

(V.) 

fJ.i 

65ii99476,  rwn.  6346.   (2)  88662792964. 
2,2,2,6;  2,2,8,6;  i,  3,  8,  7. 

(4(    xxir ;  xlTii;  olxxTiii.        (6)     12000. 


lJUU 

ANSWERS. 

(VI) 

(1)  619161890, 

(3)  7283 

(5   7684  and  978 

(2'  8670344882024. 
(4>  $14541. 

(VII.) 

(1)  $269 
(3)  252, 
^51  $13300, 

(2;  72  days. 
(4)  296237. 
$11900,  110500 

(vni.) 

(1)  7000 
(3)  31239 
(5)  $30 

(2)  '   450  lbs. 

(4)  $232. 

(IX.) 

(2)  9999000025 
(4   11796  steps 

(3)  $37569. 
(6)  $21000; 

$5400. 

(X.) 

(2)  170680900742874252 
i4)  786543. 
Quot ,  432. 

(3)  2796219. 
(5)  Rem.  12 ; 

;  Divisor,  72 ; 

Ex.  (: 

sxii.)  p.  44. 

(1)  2.     (2) 

(6)  7     f7j 

6. 
3 

(3) 

(8) 

20.    (4)  18. 
16.    (9)  16. 

(5)  48. 
(10)  3. 

Ex.  (xxiii.),  p.  45. 

(1)  48.   '  (2) 
(6)  36.    (7) 

32. 
936. 

(3) 
l8) 

3.     (4)  3. 
355.    (9)  23. 

(5)  3453. 
(10)  2345. 

Ex.  (xxiv.),  p.  46. 
(I)  4.    (2)  2    (3)  73.    (4)  29.   (5)  41. 
Ex.  (xxv.),  p.  47. 


(1)  54. 
(5)     17000. 
(9)  31759. 


il)  360. 

(g)  36038 
(9   27720 


(2,  2376. 

(6   85800 


(8)  2532. 
(7)  23400. 


Ex.  (xxvi,),  p.  49. 


(2)  1320. 

(6^  27324 

(10)  228150. 


(S      288. 
(7)  3570. 


(6)  37. 


(4)  9555. 
(8)  16128. 


(4)  5040. 
(8)  2340. 


ANSWERS.  801 

Examination  Fapers.     (Page  49). 

(I.) 

(1)  3827-  (2)     35  times.  (3)     44496  rails. 
(4)     7.                      (5)     84,  36  and  132. 

(n.) 

(2)  Bags  of  1,  2,  or  3  bu.  each ;  bins  of  300,  150,  or  200 

(3)  $1650.  (4)     60min.  (5)    982832. 

(m.) 

(1)  1,  2,  3,  4,  5,  6,  8,  9,  iO,  12,  15,  18.  20,  24,  25,  80,  36, 
40,  45,  50,  60,  72,  75,  90,  100,  120,  150,  180,  200,  225,  300, 
360,  450,  600,  900,  1800. 

(2)  29. 

(3)  3391  and  2699  are  prime;  14787  and  1477  are  com 
posite. 

(4)  60  hours  ;  A,  300  mi. ;  B,  240  mi. ;  C,  180  mi 

(5)  40  grains. 

(IV.) 

(2)     203.  (3)     91  mi.  (4)     70560. 

(5)     24  firkins. 

(V). 
(2)     60.  (3)     3  and  6.  (4)    44  times ;  9284  trees. 

(5)     3366000. 

Ex.  (xx\di.),  p.  54. 

(1)     A-         (2)     3^'^.         (3)     h  (4)    h  (5)    f. 

(6;    h         (7)    ^.        (8)    ^.        (9)    m-   (10)    -B. 
Ex.  (xxviii),  p.  55. 

/T  \     2 1       2  0  (0\     2  4       15        14  /Q\     2  3  1       2  2  0       2  10 

U;    -g-F'    TS  K'^)    ^4'    '6'T»    "6¥*  W/    ■5-¥5»    ^^3^»    3^3^- 

{A\     100       1  5  6        5  1  3  8  {K\    408       630       364       455 

(^)  M'  90 J  ■g-J'  i%-        (7)  T%W  To¥(5"'   il4^'   loio- 

Ex.  (xxix.),  p.  56. 
The  fractions  are  arranged  in  descending  order. 
(1)  I,  .^,  f  (2)  4,  J,  If.  (8)  U.  i\,  «• 

(4)  A.  W.  A-     (5)  ^.  ^,  H-     (6)  A.  A.  iV- 


rz 

ANSWERS. 

Ex 

.  (XXX),  p.  56. 

(1)  u- 

(6)  U- 

(2)  II- 
(V)   lUh 
Ex, 

(3)  Ih 
(8)  III! • 
(xxxi),  p.  57. 

(9) 

11- 

2  2  3  1 

2  8  8-(7* 

(5) 

126 

(1)  A- 
(6)  ^'A- 

(2)  A%- 
(7)  AA. 

Ex. 

(3)    Th- 
(8)    liTF- 

(xxxii),  p.  59. 

(4) 
(9) 

(5) 

(1)  A- 

(2)  HI- 

(3)f 

(4) 

tVj- 

(5) 

A. 

(6)  A¥?.  (7)  UU-    (8)  ,%•     (9)  /A- 

Ex.  (xxxiii),  p.  60. 


(1)  f 

(6)  If. 

(2)  |.         (8)  A-         (4)  if. 
(7)  n-       (8)  |.           (9)  1^. 

(5)  i- 

Ex.  (xxxiv.),  p.  61. 

(5)  42^2^. 

(2)  4f'-          (3)  ^If' 
(6)  3AVV-       (7)  31 AV- 

MX     17  3019 
^    ^        1000 

(8)  928f4. 

Ex.  (xxxv.),  p.  62. 

<1)  lAV 
(5)  48J. 

(9)  88A. 

(2) 

(6) 

(10) 

i§.       (3)  nm- 

n^.      (7)  5A- 
2A.       (11)  SH- 

Ex.  (xxxvi.),  p.  63. 

(4)  65|. 
(8)   12A¥j. 
(12)  HI. 

(1)  27|. 

(5)  n- 

(2) 
(6) 

744.            (8)  718|. 
4.               (7)  2|. 

Ex.  (xxxvii.),  p.  64. 

(4)  fl- 
(8)  26. 

(5)  3^. 

(2) 
(6) 

142^.         (7)  8350I-. 
Ex.  (xxxviiii),  p.  67. 

(4)    5lW' 

(8)  66. 

(1)  lA- 

(5)  lA 
(9)  2if 

(2) 

(6) 
(10) 

If-            f7)  ||. 

(4)  m- 

(8)  lA. 

ANSWERS. 

808 

Ex.  (xxxix.),  p.  68. 

(1)  %h 

(2)  T=r-            (3)  lA- 

(4)  -|. 

(6)  5J^. 

(6)  i.             (7)  Hh 

(8)  20.^51, 

(9)  IrVV. 

(10)  HI-        (11)  7,V 
Ex.  (xl.),  p.  68. 

(12)  }. 

a)  in- 

(2)  h\.  n- 

(3)  I  6f. 

^-)  M.  vy. 

8.     (5)  H. 

(6)  11}^,  20. 

(7)  tVj.  i- 

(8)  3 

(9)  7^. 

(10)  3. 

(11)  lOHf 

(12)  H,  H. 

(13)  *.  t\- 

(14)  Uh  If 

(15)  1,  |. 

(16)  5,  18. 

(17)  66. 

(18)  Ur%%. 

(19)  H- 

(20)  1. 

(21)  i. 

'22)  Hi. 

(23)  2. 

Examination  Papers.    (Page  71.) 

(!•) 

(2)  «49|.     (3)  5iV,.     (4)  $13860.  (5)  3^  and  fj. 

(H.) 

(2)  H,  U,  A 

,  A.           (8)  iWi.. 

(5)  SHp,  $24000; 

Cargo,  «3i;000. 

.         (HI.) 
(2)  $18|.  '^  (4)  xiifir.    (5)  A,  20 ;  B.  48 ;  C,  84. 

(IV.) 
(2)  U'  (3)  34^.      (4)  Horse,  $120;  Carriage,  $105; 


Harness,  $25.  (5)  A,  $4334 ;  B,  $1474 ;  C 

(2)  3f|.  (3)  $2015;  465  sheep;  390  calves;  806  pigs. 

(4)  $180.        (5)  18  ft. 

(YI.) 
(2)   1^5,   h.  i\'         (3)  1.         (4)  $40.         (6)  ^  ft. 

(vn.^ 

(2)  313331,  ^.  (3)  1000000. 

(4)  30  min. :  A,  6  times  ;  B,  5  times ;  C,  4  times ; 

(5)  A:  ^ ;  B,  ^  ;  C,  ,^J\  ;  D,  ^h 


8600 

(i; 

(18) 
(17) 


(1) 
(4) 
(7) 


(vm.) 

rods  ;  30 JO  rods.    (5)     252. 


80    rnm. 


(1) 

(5) 


(ii) 

(14) 

(17) 


(4) 
(7) 

no) 

(18) 

m 


(2) 
(8) 


i  2  5001     (10) 
SftOO 

»4579.      (14) 
•'>25679.  (18) 


758-279832. 
6964-72672. 


Ex.  (xii),  p.  76. 

(«)     i      ■ 
(7)     V 
(U)     -9 

(15)     172-95. 
8-2D79a.  (19)     -0019. 

Ex.  (xlii),  p.  78. 

(2)     -2464. 

(5)     885-260863. 

(8)     970-17047. 

Ex.  (xliii),   p.  79. 


}  0  0  0  0  1 
1  0  0  0  '" 

•OOR. 


(4) 
(8) 

12) 

(16) 


I 

ip  »  41 

•87. 

•000 


(8)     -0012. 

(6)     8741'20tRJ. 


31-211.  (2) 

•0607.  (6) 

•004386.       (9) 


1-548.  (8) 

579-1274.    (7) 
9-9998.      (10) 

Ex.  (iuv).  p.  81. 


48-2293. 

•0000014 
•OOlOi. 


14) 


86-25.  (2)     18-9826.  (8)     -100845. 

•00041588.         (5)     12-08980482.         (6)     -9. 
14977-92625425.  (8j     -0000465181. 

•06774G898828045.  (10)     208-1 756027  607265t^. 

-00984126.  (12)     1-01.  (13)     -00031304. 

•15206806.  (15)     -1009981674.     (16)     20o70«^4. 

1&0-0825. 


Ex.     (xiv),  p».  86. 


12.  (2; 

12700.  (5 

4.H0.  (B) 

9'5-478.  (U) 
-0000771089.  Ci4) 

2469800000.  (17) 

1290.  (20) 

76.371.  (23) 


14400. 

48-078. 

147. 

•0066889. 

299846000. 

8696. 

3-59. 

1106741000. 


8;,:  )o;.  -AH. 


El.  (xivi),  p.  H. 

m     l-il9'^9<.»8'i 
(5)     -OOM^^. 


(8)  0018. 

(6)  10000. 

(9)  -0000002004. 
fl2)  876640000. 
(15)  -20162. 

(18)  -00000029. 

(21)  467-61. 


(8)     3'4r,(!8, 
(6)    -0001736. 


ANSWEES- 


Ex.  (xlvii.),  p.  87- 

(1)  26-654875.             (2)  -0010902475. 
(4)  -00001614.              (5)  ]  75-0309987 f5. 
(7)  154468-75.             (8)  '25000000. 
(10)  -0000005005005. 

(3)  14498-8. 
(6)    0000926. 
(9)  -OOOOi. 

Ex.  (xlviii.),  p.  88. 

(i)  18478  260.           (2)  -249. 
(4)  8658146-964.       (5)  -095. 

(3)  -092. 

(6;  32714-28-5. 

Es.  (xHx.j,  p.  92. 

(1)  -35. 

(5)  -ooi. 

(9)  -01236. 

(2)  -44.              (3)  -85714-2. 
(6)  -62439.         (7)  -523809- 
(10)  2-345. 

Ex.  (1.),  p.  95. 

(4)  'hi. 
(8)  -216. 

(1)  -09484. 
(4)  235-104. 
(7)  -0374. 
aO)  -928. 

(2)  -002521. 
(5)  26-38702. 
(8)  426-104. 

Ex.  (li.),  p.  96. 

(3)  165-699^. 
(6)  1-611. 
(9)  170-3367. 

11)  s- 

(5)  ^s^^. 

(2)/,.                 (3).f^ 

(6)   t\\\'                (7)   TTfTT- 
Ex.  (Iii.),  p.  97. 

(4)  AVt. 
(8)  ^\^, 

(5)  53^T%-u' 

(2)  ^1^8.             (3)  4||. 
(6)  7|ooo.           .7)  2W.I. 

Ex.  (liii.),  p.  99. 

(4)  -,li^. 

(1)  15-8436. 

(2)  20-51662025. 

(8)  1-7780052, 

(4)  -02067249. 
(7)   iif- 

(5;  20|JG. 

(8)  ^. 

(6'  ^^. 

Examination  Papers.     (Page  99 

.) 

(I-)  , 

(3)  1st.      (4) 

263  times ;  \.        (5)  -0000006  and  -0000009. 

(il.) 

fl )      5              7  7 

(5)  -7142. 

(3)  8.V15. 

\^^  ^2'     1100 

(4)  V- 

806 


ANSWERS. 


(m.) 

'2)  18161.        (3)  13:  $3000.        (4)  $232J.        (6)  Wo' 
(IV.) 

(2)  021.60.  (3)  425,  (4)  4000004-00000010000090007 ; 
Seventy-four  millions,  three  hundred  and  six,  and  sixty 
milhons  and  seven  triUionths.  (5)  82|  yd. 


K'^)   alf ff^^.  (3)  10-7608  miles. 

(5)  ^,$192,231;  J5,ri 45.531;  C,  ^110.94|. 

(VI.) 


(4)  13H. 


(3)  $34^. 

(4)  3-141592. 

(6)  -00097061. 

Ex.  (Iv.), 

p.  105. 

(1)   14. 

(5)  297. 

(9)  440. 
(13)  23456. 
(17)  5678. 

(2)  23. 

(6)  345. 
(10)  835. 
(14)  72500. 
(18)  437962. 

(3)  32. 

(7)  327. 
(11)  6031. 
(15)  2081. 

(4)  75. 

(8)  86T. 
(12)  4698. 
(16)  739000. 

Ex.  (Ivi.), 

p.  106. 

'1)   4-1. 
(5)  -25. 
(9)  210-75. 

(2)  16-79. 

(6)  -027. 

(10)  137-65. 

(3)  -95. 
(7)  131-31 

(4)  -51. 
(8)  1-001. 

Ex.  (Ivii.) 

,  p.  107. 

(1)  4-4721. 
(5)  -4110. 
^0)  4-0305. 

(2)  5-4772. 
(6)  -1264. 
(10)  -9999. 

(3)  9486. 

(7)  -0252. 

(11)  -5025. 

(4)  -3478. 

(8)  -0347. 

(12)  6-48S 

Ex.  (Iviii.; 

),  p.  108. 

(1)  f. 

(5)  m. 

(9)  8^. 
(13)  -7905. 
(17)  8-7649. 

(2)  A. 

(6)  21. 
(10)  6i. 
(14)  -6454. 

(3)  H 

(7)  2|. 
(11)  4i 
(15)  2-5298. 

(4)  If. 

(8)  l\l 
(12)  3f. 
(16)  3-0822. 

Ex.  (lix.) 

,  p.  110. 

(1)  16. 
(5^  65. 
(9)  85. 

(2)  32. 

(6)  64. 

(10)  99. 

(3)  42. 

(7)  34. 

(11)  39- 

(4)  79. 

(8)  73. 

(12)  63. 

Ex  (Lx),  p.  iia. 


•09 


(1)  246.  (2)     681.  (a;     307.  (4^  670. 

(5)  128.  (6)     179.  (7)     463.  (8)  108. 
^9)  256.  (lO;    679.  (11)     4  ^^8.  (12)  507. 

(13)  686.  (14)     708.  (15)    888.  (16)  512. 

(17)  4968  (18)    8766. 

Ex.  (Ixi),  p.  113. 

(1)  .73.  (2)     -864.  (3)     80-02.  (4)  H 

(6)  I  (6)    1|  (7)    7|  (8)  1-709. 
(9)  8-320.  (10)     -495.  (11)    2-516.  (12)  '822. 

(13)  -908.  (14)     -693.  (15)     1-966.  (16)  1-478. 

Ex.  (Ixii),  p.  113. 

(1)  27.  (2)     46.  (3)     6-3.  (4)     18. 

(6)  64.  (6)     8-1. 


Ex.  (bdli),  p.  117. 

(1)  13  ;  80 ;  86 ;  47.  (2)  108  ;  270 ;  615  ;  845. 

(3)  3456  ;  4800  ;  2762  ;  16586.     (4)  72  ;  58  ;  94  ;  105  ;  163. 
(6)  900 ;  1228  ;  4253  ;  14087.     (6)  41880  ;  103870  ;  80697e 

Ex.  (liiv).  p.  118. 


(1)  14K  (2)  4Q^.  (3)  49i<i. 

(4)  7$.  5^.  (5)  98.  UK  (6)  15«.  6^ 

(7)  M.  Sa.  iiisd.       (S)  £391.  195.  4^.  (9)  ^664.  19«.  Id. 

Ex.  (Ixv),  p.  120, 

(1)  £21.  Id-*.  Id.       (2)  £81.  Ss.  Od.       (3)  ^32.  15s.  2d, 
(4)  _e31.  12«.  9d.       (6)  £23.  13.?.  S^.  (6)  £33.  18^.  -L^. 
(7)  £32.  9s.  S^d.       (8)  £82.  6s.  5d.       (9)  £169.  5s  \d 

(10)  £181. 18s.  6d.    (11)  £240.  19«.  7d.  (12)  £168.  11«. 

(13)  £200.  17*.  11^.  (14)  £220.  6jt.  9^d. 

(U)  £3002.  17«.  Od. 


Ex.  (txvi), 

p.  122. 

(1 

(8) 

£36.  85.  5d. 

(2) 

£28.  Os.  lOd. 

£8.  18«.  lid. 

(4) 

(6) 

£238.  17«.  lOid. 

(5> 

14*.  l^d. 

£1.  16.».  7K 

i 

IK 

(8) 

£1619.  12i.  9K 

£86108.  17«.  6^. 

(10) 

£1219.  19<i.  lO^a. 

soft  AKBWTEa», 

El.  (Ix^),  p.  145.. 

(1'  £1.  9s.  (2)  6s.  lOd.  .3)  8.1.  Oi. 

(4)  £8.  6s.  6d.             (5)  IBs.  8d.  (6)  ^1.  2a  U. 

(7)  £^.  Us.  Sd.          (8)  .£14.  11«.  (9)  ^12.  5s. 

(10)  £6.  18«.  l^ii.  (il)  ^21.  123.  (12)  iir>.  15a. 

(18)  illll.  6.".  8d.  (14)  £5.  ISs.  l^d.  (16)  i!122.  0»-  4<i, 
(16)  Xa04.  12s.  (17)  £5.  12s.  6d.  (18)  ^8.  Os.  HJid. 

(19)  £8.  14s.  8d.  (20)  X'48.  (21)  £36.  Gt. 
(22)  ^89  75.  6d. 

Ex.  (Ixviii),  p.  126. 

(1)     £6.  10s.  6d!.  (2)  ^24.  9a.  1^ 

(3J     ^8.  12s.  5U.  (4)  £5.  ISs.  4d 

(6)     ^29.  13a-.  4^.  (6)  £34.  1«.  7i(f. 

;ei67.  19s.  2d.  (8)  .£15212.  12s.  6d. 


(7 
(9) 


£6189.  6«,  7H  (10)     ^6022.  Os.  7i«(. 

(11)     £8616.  3s.  9d. 

Ex.  (hdx),  p,  127. 

I,     (I)  7s.  lOid.         (2)  ^6.  12s.  &d.  (8)  IBs.  7K 

(4)  £d.  19s.  4d.    (6)  12s.  S^d.  (6)  ^1.  17s.  7^. 

11.     (i)  i'l.  16s.  6|oJ.         (2)  4s.  Sd.  (3)  6s.  6d. 

(4)  2s.  4d:.  (5)  Is.  6ld.  (6)  19s.  lOii. 

III.     (1)  £1.  3s.  2d.  (2)  8s.  4id.  (8)  £1.  4s.  lOid. 

(4)  £4.  4s.  3id.  (6)  6s.  4|^.  (6)  £1.  8s.  9j|d. 

Ex.  (btx),  p.  127. 

(1)  100.  (2)  22.  (8)  42.  (4)  79. 

(5)  281.  (Q)  10. 

Ex.  (Ind),  p.  228. 

I?*  6f<l.  (2)  4s.  5^,d.  (3)  6s.  6f(^. 

IS.  (6)  Is.  93fi.  (6)  £24.  16s.  Sd. 

10s.  6d.  (8)  14s.  Sd.  (9)  £13.  6s.  Qd. 

£48.  ls.4f<i.  (11)  £77.  6s.  (12)  £1.  15s.  Old 

.^8.  8s.  8|d.  (14)  £8.  12s.  Id. 

Ex.  (lixii),  p.  129. 

(1)  £1412.  lis.  Sd.  (2)  £3226.  Os.  6d. 

(8)  i^28299.  Is.  lOd.  (4)  £31282.  Ss.  6d. 

(*)  i.a887li.  Is.  6d  •     (0)  £27877.  18s.  dd. 


(6) 


Ex.  (Ixxiii),  p.  186. 

(1)  32646  sec.  ;  61243  gee. 

(2)  107020800  sec. ;  644824  min. 

(8)  88  da.  17  hr.  27  min. ;  6  kr.  82  min.  66  g«>. 
(4)  8  da.  14  hr.  18  min.  12  seo. ; 

0  wk.  2  da.  0  hr.  24  min.  66  sea 

118 ;  161 ;  286 ;  120 ;  151. 

76  hr.  84  min  36  seo.    (7)  186  da.  1  hr.  42  ij»tt. 

(8)  26  wk.  2  da.  2  hr.      (9)  22  yr.  298  da.  1  hr. 

(10)  77  hr.  8  rain.  41  seo. 

(11)  250  da.  23  hr.  1  inin.  18  6eo. 

(12)  2  hr.  64  min.  48  sec.    (13)  88  da.  17  hr.  47  roin. 
(14)  6  da.  22  hr.  (15)  298  da.  21  hr. 

(16)  1  yr.  331  da.  21  hr. 

(17)  6  da.  9  hr.  36  min.  46  see. 

(18)  46B  hr.  85  min.  6  sec. ;  740  hr.  46  min.  57  8eo. 

(19)  2  da.  6  hr.  14  min.  ;  12  min.  17  sec. 

Ex.  (bciiv),  p.  132. 

(i)  132  m.  ;  23166  ft.       (2)  446418  in. ;  6499  in. 
(8;  18513  po.  8i  yd. ;  306  far.  0  po.  4  yd.  2  ft.  6  in. 
(4)  187  mi.  86  po.  8  yd.  1  ft. ; 

1809  mi.  4  ftir.  32  po.  4  yd.  2  ft.  8  in. 

(6)  107  yd.  1  ft.  8  in.       (6)  154  mi.  2  fur.  20  po. 

(7)  23  fur.  21  po.  4i  vd.     (8)  76  yd.  8  in. 

(9)  60  mi.  2  for.  85  po.     (10)  35  p.  8  yd. 

(11)  87  yd.  8  in.  ;  932  mi.  1  fur.  81  po. 

(12)  1858  po.  8  yd. ;  1783  mi.  3  for.  5  po.  1  yd. 
(18)  6  yd,  1  ft.  2  in. ;  6  for.  Q^j  po. 

(14)  2  yd  1  ft,  5i  in. ;  1  fur.  29H  po. 

Ex.  (Irxv),  p.  1S4. 

(1)  86751875  sq.  in.       (2)  44425044  sq.  in. 

(8)  1210000  sq.  yd.  ;  94608  sq.  in. 

(4)  4  sq.  yd.  66  sq.  in. ;  8  ac.  28  po.  9  sq.  yd. 

(6)  1148  po.  2  sq.  yd. ;  14  po.  10  sq.  yd.  7  sq.  ft.  110  so,  fe, 

(6)  284  ao.  2  ro.  26  p. 

(7)  163  sq.  yd.  7  sq.  ft.  91  sq.  in. 

(8)  112  ac.  8  ro.  88  po.  16J  sq.  yd. 

(9)  27  ac.  2  ro.  86  po 

(ll 


6  sq.  yd.  8  sq.  ft.  129  sq.  in. 

1  ac.  2  ro.  16  po.      (12)  8  ac.  1  ro.  SO  po. 

a.     HA.   -^tA        r?  or.    -ft-   OO  r.^   iv. 


6  sq.  yd.  7  sq.  ft.  22  bq.  in. 

(14)  66  ao.  8  ro.  86  po. 

(16)  88  ao.  2  ro. ;  931  ac.  8  ro.  9  f** 

(15)  1  ro.  18  po. ;  1  ro.  87  po. 
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Ex.  (Ixxvi.),  p.  135. 

(1)  202  cub.  ft. ;  1175183  cub.  in. ;  654558  cub.  m. 

(2)  48  cnb,  ft.  21  cub.  in. ;  9  cub.  yd.  11  cub.  ft.  372  cub.  in. 
(8)  244944  cub  in.;  149904  cub.  in. 

(4)  270  cub.  yd;  26  cub.  ft.  1143  cub.  in. 

(5)  195  cub.  yd.  3  cub.  ft.  298  cub.  in. 

(6)  3558  cub.*  yd.  10  cub.  ft  284  cub.  in. 

(7)  8  cub.  yd.  20  cub.  ft.  1545  cub,  in. 

(8)  8  cub.  yd.  1634  cub.  in. 

(9)  27  cub.  yd.  7  cub.  ft.  1472  cub.  in. 
(10^  707  cub.  yd.  1823  cub.  in. ; 

2312  cub.  yd.  17  cub.  ft.  518  cub.  in. 

(11)  6  cub.  yd.  14  cub.  ft.  1029  cub.  in.;  8  cub. yd. 24  cub. in. 

Ex.  (Ixxvii.),  p.  186. 

(1)  59  pts. ;  109792  pts. 

(2)  8  qr.  2  bu.  1  gall.  2  pt. ;  47  qr.  4  bus.  3  pk.  1  gall. 

(3)  41  gaU.  1  pt.       (4)   20  bus.  1  pk.  1  gall. 
(5)  197  qr.  3  bus.      (6)  ^^  qt.  1  pt. 

(7)  3  pk.  1  gall.       (8)  6  qr,  7  bus.  3  pk. 
(9)  342  qr.  4  bus.  2  pk. ;  1115  qr.  4  bus.  1  pk. 

(lo)  3  qt.  1  pt.  0  qr.  8  pk. 

Ex,  (Ixxviii.),  p  187. 

(1)  12960  gr.       (2)  1680  dwt.^  3420  dwt.  •  6185  dwt 

(3)  22253  gr. ;  42663  gr.. 

(4)  6  oz.  11  dwt.  1  gr  ;  7  lb  4qz.  18  dwi.. 

(5)  12  lb.  6  oz.  19  dwt.  13  gr.  -•  13  lb.  6  oz.  6  dwt. 

(6)  74  lb.  7  oz.  7)  30  oz.  4  dwt.  9  gr. 

(8)  87  lb.  7  oz.  12  dwt.  18  gi^   (9)  3  oz.  4  dwt.  21  gr. 
(10)  7  lb.  9  oz.  13  dwt.       (11)  9  oz.  12  dwt.  23  gr 

(12)  89  lb.  5  oz.  8  dwt. ;  141  ib.  7  oz.  19  dwt. 

(i^;)  ^1  oz.  7  dwt.  11  gr   ;  148  lb.  9  oz,  5  dwt.  21  gr. 

(14)  2  lb.  12  dwt. ;  6  oz.  6  dwt.  llf  gr. 

(15)  5  dwt.  8  gr. ;  2  oz.  19  dwt.  20  gr. 

Ex.  (lxxix.),p  136 

(1)  17600  oz. :  4352  dr. ;  10000. 

(2)  203200  oz.;  30050  lbs. 

(3)  78416  di". ;  7507  ^s. 

(4)  2  cwt.  3  qrs.  22  lbs.  11  oz. ;  1  ton  17  awt.  1  qr.  24  lbs. 
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(6)  4  cwt.  2  qrs.  14  lbs.  8  oz.;  9  cwt.  2  qrs.  15  lbs.  15  oz. 
14  drs. 

(6)  68  lb.  12  oz.  1  dr.       (7)  45  qr.  10  lbs.  15  oz. 
(8)  88  cwt.  2  qr.  14  lbs.     (9)  2  lb.  1  oz  9  dr. 

(lOj  2  qr.  22  lb.  8  oz,       (11)  1  cwt.  1  qr.  11  lbs. 
(12)  7t.  19  cwt.  3  q.        {18)  8  lbs. 

(14)  84t.  18  cwt.  1  qr.  13  lbs. 

(15)  120  cwt.  67  lbs.  2  oz. ;  187  cwt.  65  lbs. 

(16)  156  cwt.  1  qr.  15  lbs. ;  390  oz.  13  dr. 

)17)  1  cwt.  21  lbs.  8  oz. ;  16  cwt.  1  qr.  i3  lbs.  2  oz. 
(18)  1  qr.  143|  oz. ;  2t.  3  cwt.  8  qr.  Q^\  lbs. 

Ex.  (Ixsi:  !^  ij.  139. 

(1)  13  cwt.  1  qr.  2^  lb.     (2)  13  lb.  14  oz.  12  di\ 
(3)  80  mi.  1  fur.  22  po.     (4)  679  yd.  1  ft.  6  m. 
(5)  166  ac.  3  ro.  32  po.     (6)  757  ac.  2  ro.  12  po. 

(7)  7»  sq.  yd.  7  sq.  ft.  6  sq.  in. 

Ex.  (Ixxxi.),  p.  139. 

(1)  2  cwt.  4  lb.  (2)  10  oz.  6  dr. 

(3)  1  mi.  5  fur.  8  po.      (4)  3  yd.  6  in. 

(5)  5  ac.  3  ro*  4  po.       (6)  1  ac.  3  ro.  8  po. 

(7)  5  sq.  yd.  7  sq-A.  87  sq,  in. 

Ex.  (Ixxxii.).  p.  140. 

(1)  13s.  M. ;  £1   lis.  3d.  ;  ^2  10s.  9d. 

(2)  6  fur.  16  po. ;  30  po. ;  3  qr.  8^  lb. 

(3)  ^152  lis.  0|d.;  ^ei  13s.  9^^.;  2  mi,  2  fur. 

(4)  ^514  16s.  15s.  9d.  (5)  ^1  2s.  lO^d. 

(6)  13s.  6d.  (7)  9  ac  2  ro.  13^  po. 

(8)  16  da.  3  \r.  35  min.  (9)  2  fui\  37  yd.  1^  in. 
(10)  4  cwt.  2  qrs.  11  lbs.  lOf  oz. 

Ex.  (Ixxxiii.),  p.  141. 


(1)  tV 

(2) 

224 

(3)  U. 

(4)  Mf. 

(5)^^. 

(6)  I-. 

(7)  I 

(8)  Am- 

(9)  A. 

(10) 

1 

Ex. 

(11)  ^^. 

(Ixxxiv.),  p.  144. 

(12)  m- 

(1)  12s.  6d. 

(2)  £15  5s. 

6d. 

(3)  2-3436(^. 

(4)  3  qr.  18  lb.  12  oz. 

(5)  12  dr. 

(6)  ^16.  Os 

.  ed. 

(7)  Is.  5d. 

(8)  £2  16s. 

9-375ci. 

(9)  4s  %i. 

(10)  £2  10s. 

7'6d. 

am 

AIlftWF* . 

(11) 

(13) 
(16) 

(17) 

22  lb.  6|  o£.                   (12)    ^7.  16«.  2i<i. 
4  tonB  IC  cwt  17.4  lb.  (14)    X'2(i.  17».  30W4 
.^2.  5«.  9-8<i.                    (16)     1G#.  7<i. 
jgl.  14*.  8d 

El. 

(Ixxxv),  p.  lio. 

(i) 

•8286                (2; 

•002088.                 (8) 

•187* 

(4) 

•18.                    (5) 

14'4«.                     (6) 

•24. 

(7) 

2-64.                  (8) 

l-8d289()62^.         (9) 

•0027. 

(10) 

1-4818.            (11) 

•3.                        (12) 

•00091876. 

(18) 

2-445916.        (14) 

•6581....             (16) 

•1406. .  .  , 

Mhtamination  Papert.     (Page  146.) 

I. 

t'l)  tm^.        (2)  8413  d.  9  hr.         (8)  8  d.  2  krs.  20  mia. 
(5)  191. 

II. 

f2)  mm  (S)  49  mill,  past  1  P.M. ;  149f  mi. 

(4)  Vd  mi.  14641 J  yds.  (6)  28160. 

ni. 

/2)  8600  ;  ^7.  10*.  (3)  J[  8  a.  1  r.  20  p.  21  yd.  77*  in.; 
5  6  a.  8  r.  1  p.  11  yd.  7  ft.  118?  in. ;  C  7  a.  2r.  16  p.  17  yd, 
1  a  29'>  in.  (4)  20  yds.  (6)  16 1.  4  cwt.;  iO  owt.  8  qrB.6  ib«. 

IV. 

(1)  %n:61\.  (2)  259  bus.  2  pk.  1  gal.  Ititpt. 

(3)  41  bag.  8  pks.  2?  qte.     (4)  47  bags.     (6)  $96.98  .... 


(1)  LcsQff  ^2.     (2)  13!  M  cents.     (8)  20  grs.  is  larj^est  waa^lii 
(4)  12  t.  7  owt.  3  qrs.  16-67  lbs,         (5)  260  lbs. 


Ex.  (Ixsxri),  p 

.  160. 

«1 

(6) 
(7) 

m 

£«061.  7».  ^d,                 (2) 
je61i>8.  2«.  8i,l                (4) 
£887^  19*.  6K            (6) 
^169667.  17*.  lli<f.         (8) 
£88S.  10*.  l\d,              (10^ 

£6022.  0».  7^. 
£58761.  16«.    lOd. 
£61886.  l&i.  7<i. 
£1164.  9«.  9rf. 
£1467.  0».  (44<i. 

ANSWERS. 
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Ex.  (Ixxxvii.),  p.  l61. 


(1)  £231  Os.  SUf  ^.                        (2)  £50  14s.  4^rf. 
(3)  £32  2s.  7^d.                              (4)  £496  2s.  6^^^^. 
(5)  £805  9s.  IH                            (6)  £3127  Os.  l^d. 
(7)  £63  6s.  5|d.                              (8)  £1066  Is.  Cfd. 
(9)  £311  16s.  md.                    (10)  839  15s.  3^d. 

Ex.  (Ixxxviii.)^  p.  163. 

(1)  $1690. 
(4)  ^74.14^. 

(2)  $10.93^.                    (3)  $164.74. 
(5)  $103.70. 

Ex,  (Ixxxix.),  p.  156. 

(1)  6. 

(4)  25. 

(7)  #3240. 
(10)  54  days. 
(13)  #9.15. 

(2)  ih                      (3)  $47775. 

(5)  1502t^.               (6)  203  min. 

(8)  14  iV-                   (9)  £31  10s. 
(11)  20  cents.            (12)  #408^. 
(14)  #14.40.              (15)  £18  15s.  7|fd 

Ex.  (xc),  p.  157. 

(1)  #7833.33i. 
(3)  t'^. 
(7)  286A. 
(10)  The  first. 

(2)  $5040.                 (3)  18^7^. 
(5)  27  min.               (6)  $1182.12^. 
(8)  #400.                   (9)  £1  17s.  4'12,8d. 
(11)  22^  cwt. 

Ex.  (xcL),  p.  257. 

(1)  480. 

(4)  4000. 

(7)  $360. 
(10)  $78.60. 
(13)  6  weeks. 
(16)  4  days. 
(19)  84. 
(22)  660. 

(2)  $1152.                  (3)  11268. 

(5)  $10.52.                 (6)  $54.61A. 

(8)  16.                       (9)  20. 
(11)  27  laborers.       (12)  75  burners.    » 
(14)  #396.                  (15)  7  weeks. 
(17)  155|  qr.             (18)  5^  weeks. 
(20)  10  days.             (21)  2  days. 
(23)  £120. 

Ex.  (xcii.),  p.  161. 

(1)  Bf  hr. 
(4)  SfTnin, 
(7)   18  days. 

(2)  13t%V  ^-           (8)  2H-  days. 
(5)  10  days.              (6)  4  hr. 
(8)  Ih 

814 
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Ex.  (xoiii.),  p.  163. 


(1)  21t^i  min.  past  4.  (2)  32y\  min.  past  6. 

(3)  49yV  min.  past  9. 

(4)  5yy  min.  and  38yy  nun.  past  4. 

(5)  21  ^1  min.  and  54^y  min.  past  7. 

(6)  10^^  min.  and  43yy  min.  past  11. 

(7)  38^  min.  past  1.  (8)  54y^y  min.  past  4. 
(9)  lOf  J  min.  past  8. 

Exa/mination  Papers.    (Page  164.) 

(I.) 
(1)  1800  lbs.       (2)  118360.       (3)  $26.40.       (4)  #1042.4a 
(5)  ^615. 

(H.) 

(1)  $0.02A^«.      (2)  $269.33i-.       (3)  $2408-40.       (4)  300. 
(5)  324  days. 

(1)  18  days.  (2)  1200  men.  (3)  35  days.  (4)  33idaysj 
'.  (5)  60  min. 

(IV.> 

(1)  24  days.  (2)  360  days.  (3)  60  mi.  from  A's  starting 
point ;  5  hrs.  and  15  hrs.  from  starting.  (4)  At  10  lirs.  15 
ijiin.  a.m.  or  Saturday,  the  watch  is  5  min.  36^  sec.  too 
slow,     (f "   -..0^9  nain.  past  5  and  9fi  min.  to  5. 

(1)  62  days.     (2)  10  hrs.     (3)  A  in  9f  hrs.  ;  B  in  6f  hrs. 

(4)  3  hr.  54f  min.  p.m.       (5)  -^^  more. 

Ex.  (xciv.),  p.  169. 

(1)  $825.       (2)  $1160.     (3)  $1215.         (4)  $4589. 

(5)  $95.70.    (6)  $156.        (7)  $164-02i.    (8)  M  9s.  2UUd. 

Ex.  (xcv.),  p.  171. 

(1)  4*  per  cent.  (2)  5^  years,      •        (3)  $1250. 

(4)  $375.  (5)  20  years.  (6)  5^  per  cent. 

(7)  12i  years.  (8)  6  per  cent.  (9)  97  days. 

(10)  4f  percent  nearly(ll)  9^  per  cent.  (12)  Gained  $50. 

(13)  6  per  cent.  (14)  $600;  13Jyi's.  (15)  October  6. 


AKsWiiH^. 
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ii)   $869.75. 
1)  $59,109. 

(1)  $125-509. 

(4)  $5,508. 
(7)  92  cents. 


Ex.  (xcvi.),  p.  183. 

(2)  $902.83. 
Ex.  (xcvii.),  p.  176. 
(2)  175.28.   (3)  $248.77. 
Ex.  (xcviii.),  p.  177. 
(2)  $238.81. 


(5)  ^4  3s.  2,^.A^d. 
(8)  $15400. 


(8)  $82.66. 
(4)  $297.89. 


(3)  $153.22. 
(6)  $420.25. 
(9)  $24000. 


(1)  $4600. 

(4)  $1050. 

(7)  $456.80. 
(10)  £7  19s.  Sd. 
(13)  5  per  cent. 
(15)  $45f,  $13,\. 
(17)  $16111. 


Ex.  (xcxix), 
(2)  $70. 


p.  181. 


(3)  $561.50. 
(6)  $36. 

(9)  ^152  Is.  Sd, 
(12)  $16-186... 


(1)  $0-285. 
(5)  $18.86.. 


(1)  $3121.60. 

(4)  $77.90. 


(5)  ^537  105. 

(8)  $137.50 
(11)  $6000. 

(14)  $1105;  BUI  is  due  May  4. 
(16)  80  to  83  ;  $32. 
a8)  $520;  6%. 

Ex.  (c.) 

(2)  $716.76.    (3)  $314, 


Examination  Papers,  Page  184. 

(I-) 
(2)  $781.25. 
(5)  $8108.326... 

(H.) 

(3)  ^9  3s.  4c?. 


(4)  $511. 


(3)  4.08%. 


(4)  3i%. 


(2)  $19,047  :  95  cents. 
(5)  $100. 

(UL) 

(1)  $2500.       (2)  $71-88...       (3) 

(IV.) 

(1)  $7-ll|.  (2)  $50000. 

(4)  A's  by  $224.05. 

Ex.  (ci.),  p.  187. 

(1)  7^  mo.  (2)  4t^  mo. 

(4)  3^  mo.  (5)  7*  mo. 

(7)  9f  mo.  (8)  $364.01. 

May  5,  1869.     All  the  bills  are  equivalent  to  $362.35,  but 
this  will  draw  interest  at  6/o  till  June  2.     (9)  28  May. 


88f.        (4)  $41,^. 


(3)  61% ;  ^574  13s. 
(5)  $12000. 


(3)  6  mo. 
(6)  $666im. 
The  equated  time  is 
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Ex.  (cii.),  p.  190. 

(1)  Aug.  6,  1875.  (2)  Nov.  20,  1877. 

(3)  Nov.  25,  1877. 


Ex.  (ciii.),  p.  191. 

(1)  21-25. 
(4)  26-9625. 

(2)  738-571428. 
(5)  10-154875. 

Ex,  (civ.),  p.  192. 

(3)  ^6087-6. 

(1)  #120 ;  278  horses. 

(3)  75844. 

(5)  300 ;  23437i ;  4300000. 

(2) 
(4) 

33i  ;  2  ;  40. 
3|;  )2^;  15. 

Ex.  (cv.),  p.  193. 

(1)  #106-40. 
(4)  #1.87i. 
(7)  #7488. 
10)  #20000;  #50. 

(2)  #700. 
(5)  41%. 
(8)  $9800. 

Ex.  (cvi.),  p.  194. 

(3)  $5-91. 

(6)  $77. 
(9)  $38400. 

(1)  $3-125. 
(4)  $415-25. 
(7)  $10000. 

(2)  747-25. 
(5)  $473. 
(8)  $4800. 

Ex.  (cvii.),  p.  195. 

(3)  £4488  lbs 
(6)  #9.80. 

(1)  $56.70.                        (2)  $0-017. 
(4)  1^  cents  in  the  dollar. 

(3)  $1312500. 

Ex.  (cviii.),  p.  196. 

(1)  $458.10. 
(4)  $199.50. 

(2)  $88. 
(5)  $9500. 

(S)  $450. 

Examination  Papers.    (Page  '. 

197.) 

(I.) 

(1)  4-065. 
(4)  41825. 

(2)  $225. 
(5)  10. 

(n.) 

(3)  $3640. 

(1)  $1760. 

(4)  $10935000. 

(2)  $7119.80.                (3)  21  76. 
(5)  ^,$40;  JB,$45. 

(m.) 

(1)  $8400. 

(3)  As  40  and  31. 

(2)  418 bales; 
(4)  $8.            ( 

$323.58 
[5)  2'91cL 

AN-aWEli^. 
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(IV.) 

(1)  S305.78|.  (2)  16222-11  lbs.  (3)  1G5;  255;  330* 

(4)  Grain,  $1020 ;  groceries,  §950. 

(6)  A  gets  $842.30 ;  B,  $918.87  ;  0,  $1698.83. 


(1)  $2535H- 
^4)  $255. 


(2)  $2r40. 
(5j  $3000. 

Ex.  (cix.),  p.  203. 


(3)  100  bales. 


(1)  25.  (2)  $2000.  (3)  $4.35. 

(4)  ^1  Is.  Irf.pergaU.  (5)  3-^-  gain.  (6)  33^. 

(7)  8  per  cent.  (8)  10  per  cent.  (9)  5. 

(10)  23.  (11)  13-9. ..per  cent.  (12)  10. 

(13)  $300.  (14)  3s.  7id.  per  lb.  (15)  4  lb. 

(16)  $3.45.  (17)  $3.60.  (18)  33^  per  cent. 


Ex.  (ex.),  p.  212. 


(1)  $7262  75. 
(4)  ^3542. 

(7)  $3000. 
(10)  £6000. 
(13)  $385. 
(16)  $600. 
(19)  $3200. 
(22)  5H. 
(25)  108f. 
(28)  80. 
(31)  $67500. 
(34 1  85. 

(37)  6  per  cents; 
(410  £24960. 
(48 !  Increased  $ 
(45)  Gain  $125. 
(48)  6000. 
(51)  $44092. 
(54)  $4y^:  4/4- 


(2) 

(5) 
(8) 
(11) 
(14) 
(17) 
(20) 
(23) 
(26) 
(29) 
(32) 
(35) 

i%.(38) 
(41) 

56.55. 
(46) 
(49) 
(52) 

.      (55 


$7840. 

^523  16s.  9d. 
$850. 
$55.50. 
$150. 


6f. 

n- 

li9^. 

$5000. 

$41540. 

92*. 

£4725. 

90. 

5f  years. 
6  per  cents. 
89|. 
$3200000. 


(3)  $9065.25. 

(6)  $11200. 

(9)  £2400. 
(12)  $228.80. 
(15)  £276. 
(18)  $950. 
(21)  5^V 
(24)  lllj. 
(27)  90i^. 
(30)  $9600. 
(33)  lOli. 
(36)  83i. 
(39)  H. 
(42)  Notliing. 
(44)  $10692 ;  $21384 
(47)  Loss  $45.22. 
(50)  $30300. 
(53)  $95. 

(56)  5omui 


ExaminavKm  Papers.     (Page  215). 
(!•) 


(1) 

(3)  $1.86H  per  lb. 

(5)  Loss  of  $10-163... 


(2)  Loss  8f  per  cent. 
(4)  21^  per  cent. 
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(II.) 

(1)  $2.33i  (2)  111 ;  81  (§)  gu  ^^s.  pet  02. 

(4)  90.  (5)  229i. 

(in.) 

(1)  4000  lbs. ;  $imh.  (2)  80.  (3)  ^;  $2.67^ 

|2.68|;  40%  and  39-f|%.  (4)  $10.  (5)  102-723... 

(IV.) 

(1)  12-99  gain.  (2)  Lost -$7111  (3)  $6000; 

$3160;  $6528.  (4)  $ol0.59.  (5)  $2530. 

(V.) 

(1)  $1000.  (2)  40.  (3)  $9142f 

(4)  43^.  (5)  Loses  $60;  gains  $180. 

Ex.  (cxi.),  p.  220. 

(1)  $33 ;  $27.  (2)  $250  •  $375  ;  $875 ;  $1000. 

(3)  $3300 ;  $2200  ;  $1650  ;  #1320. 

(4)  9  cwt.  of  saltpetre;    1^  cwt.  of  sulphur;    If  cwt.  of 
charcoal. 

(5)  120  yd.  ;  160  yd. ;  200  yd.  (6)  $240  to  A ;  $80 
to  B ;  $320  to  G.  (7)  28  ;  32  ;  40. 

(8)  A,  ^102  3s.  9d. ;  B,  ^132  16s.  lOhd.;  G,  ^183  18s.  9d 

(9)  113;  339;  678;  79L  (10)  30. 

(11)  57H;  40|f;  91ff.  lOff 

(12)  ^,9s. .  B,  12s.;  0,  24s. 

(13)  Men,  $5  ;  women,  $3 ;  boys,  $2 

(14)  Men,  $182.70;  women,  $182. 70  ;  children,  $152.25. 

(15)  $6000.  (16)  A,  $7<!0  ;  B,  $2500  ;  6,  $1800. 
(17)  ^,$1050;  B,  $1200;  C,  |1250 ;  I>,  $1500. 

/1QA    -.41.1-.    .iO    .    -iJ.i)._ 
\i-^)     1573  >     1  43  >     23.^i- 

(19)  $175.50;  .$218.40;  $252.72;  $117.00;  S149.76. 

(20)  1200  boys. 

Ex.  (cxii.),  p.  222. 

(1)  First,  $44.25  ;  Second,  $88.50. 

(2)  ^,$4.50;  J5,  $6.75;  (7,  $11.25. 

(3)  A,  $2062.40;  B,  S 2320. 20;  G,  1773.40.       " 

(4)  A,  %656l,\\;  B,  #286-^^%.  (5)   D,  $20;  E,  $50. 

(6)  A,  $87.50;  B,  $120;  G,  $202.50. 
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$80;«48;$28.  (8)     fl6.80;  $14.25. 

(9)  ^,$245;  5,  8225. 

(10)  Johnston,  $685  ;  Wilson,  $487.60  ;  MiUer,  #176.60 

(11)  ^,$34.80;  5,  $58.90. 

(12)  A,  $785 ;  B,  $490 ;  (7,  $867.60 ;  A  8294. 
(18)  16f  gaU.  and  26^1^  galL 

(14)  A,  $118.80;  B,  $55.90;  G,  $18. 

Ex.  (oxiii),  p.  826. 

(1)  Net  gain,  $1974 ;  A%  $2812 ;  B%  $2172. 

(2)  Net  loss,  $3165 ;  ^'s,  $2836  ;  B%  $1154. 

(8)    Net  loss,  $3650 ;  ^'s,  $1010 ;  B'»,  net  insolvenoy, 
$2730. 

Bx.  (eziy),  p.  ^0. 

(1)  5  lbs.  of  first,  7  lbs.  of  second. 

(2)  80  bu.  oats  ;  20  bu.  rye  ;  20  bn.  barley. 

(3)  60  lbs.  at  55  ots. ;  80  lbs.  at  76  cts.     (4)  16  gall,  water. 
(5)  12  gall,  kerosene.        (6)    14  bu.  rye  ;  14  bu.  barley. 

(7)  18  lb.  at  14  cts.  ;  18  lb.  at  18  cts. ;  48  lb.  at  30  cts. 

(8)  86  lb.  at  88  cts. ;  86  lb.  at  87  ots. ;  48  lb.  at  46  cts. 

Ex.  (oxt),  p.  287. 

(1)  109i  (2)   $44693.20  (8)  2  fr.  18  oeni 

(4)  1760copek8.  (5)  9fl.  20kr.  (6)  3345.44. 

(7)  £576.12*.  6d.         (8)  £1  =  $4-8665.     (9)  London  gives 
25  fr.  45o.  for£l.      (10)  £1  =  1.8*  marcs  Banco. 

(11)  $4.86.  £1.  (12)2602  Jfl.  (13)     68i<i      per 

milree.  (nearly).        (14)  0102045  oz  :  26.17  francs. 

Examination  Papers. 

(I.) 
2872.  (2)  A  $6075  ;  B  $5400;  O$6000. 

5774.43.  (4)  Direct   $14224.91;    Cir.     $14476.72; 

gain  $261.81         (5)   2*341-%        discount. 

(n.) 

(1)  78i  cents  and  66^  cents.  (2)  A  $4912  ;  B  $6168. 

(8)  £1  =  25.  35a.        (*)  A,  $2324;  B  $1708. 

(5)  10  and  4. 

(m.) 

88^  lbs.  of  8,  10  and  12  cents  and  100  lbs  of  20  ots. 
$1212.    (8)  $1267  .    (4)  ,V».    (6)  £2. 8«.  2K  (nearly). 


(1)  1-5 

(8)57 


l^ 
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(IV.) 


(1)  $2211  i^r.  (2)  $43.63.  (3)  $5. 

(4)  Paris,    $14285.71f ;     London,    $14600;    Amsterdam, 
$14640.  (5)  1  lb.  at  8 ;  8i  lb.  at  13 ;  8  lb.  at  14. 

(V.) 

(1)  59,  17,  and  106.  (2)  llSf  per  cent. 

(3)  8,  10  and  12  months.  (4)  9176-^. 

(5)  -42  ;  23^y  per  cent. 

Ex.  (cxvi.),  p.  242. 

(1)  |-  is  greater.  (2)  -H  is  greater. 

(3)  if  is  greatest :  |  is  least.  (4)  45  :  364. 

(5)  112 :  405.  (6)  $31.25.  (7)  H- 

(8)  i  :  31.  (9)  128  '  1  (10)  9  ;  13. 

Ex.  (cxvii.)    p,  245. 

(1)  4  :  3  :  :  12  :  9.  (2)  12|.  (3)  -0076 

(4)  ^  :  0 :  :  25  :  39.  (5)  21.  (6)  y. 
(7)  -048.                                    (8)  28.                      (9)  A. 

(10)  A  $552;  JB$460;  G$345;  I>$230. 

Ex.  (cxviiii.)    p   247. 

(1)  ^1285.  (2)  10  h.  40  m.  36  A  sec.  (3)  ^  mi. 

(4)  3  Ji.  25  min.  P.M.         (5)  10  d. ;  12f  d,        (6)  $47.13. 

(7)  78|.  (8)  8  P.M.  Thursday. 

(9)  7722  stones.  (10)  12800 

Ex.  (cxix.^,  p.  249. 

(1)  54  men.  (2)  1050  men.  (3)  18. 

(4)  50  men.     (5)  Navvies  did  6  times  as  much  as  soldiers. 

(6)  12^  dronas.  (7)  576,  (8^  16|. 
(9)  155.                       (10)  12  days. 

Ex.  (cxx).»  p.  252. 

(4)  5000  mm.  (5)  1067.25  dcm. 

(6)  15  milligrams.  (7)  43-7  mm, ;  4.37  cm. 

(8)  155000  sq.  cm.  (9)  1086-42  sq.  dcm. 

(10)  1725  grams.       (11)  100  miUigrams  ;  10000  decigrams. 
(12)  256-7  centigrams.  (13)  5000  milhgrams. 

(14)  1-60931  kilometres.  (16)  667-876  cu.  cm, 

(16)  3720  Utres, 


Ex.  (ozxi),  p.  255. 

(1)  86  sq.  ft.  (2)  186  sq.  ft.    (8)  800|  sq.  ft. 

(4)  12  sq.  ft.  (6)  452|  sq.  ft.    (6)  224  sq.ft. 

(7)  608  iq  ft.  (8)  leO^*,  sq.  ft.   (9)  402^  sq.  ft. 

(10)  80i  sq.  yd.  (11)  1887^  sq.yd.  (12)  816^  sq.  ft. 

(18)  870i  sq.  ft.  (14)  91  sq.  ft.  121  in. 

(16)  Hi  sq.  ft.  (16)  602  sq.  ft.  78  sq.  in. 

(17)  2232  sq.  ft.  81  sq.  in.    (18)  16  ft. 

(19)  7  ft.  6  in.  (20)  8  ft  9  in.    (21)  11  yd. 
(22)  88  yd.  (28)  99  yd.      (24)  9  ft. 
(26)  16  ft.  (26)  108  ft.      (27)  405  yd. 

(28)  256  yd.  (82)  860-5  yd.    (80)  168-25  yd  nearly. 

(81)  5v/  2  in.  (82)  625v/  2  ft. 


Ex.(ozzii),  p.  356. 

2)  46,V. 
58.       (5)  142|f.      (6)  $33.eO. 


28|.      (2)  46,V.       (i)  67. 
(7)  190.98^.   (8)  188.89^.     (9)  £ll.V$.Bd, 


Bx.  (oxxiii),  p.  258. 

(1)  680.     (»)  866.     (8)  8761.  (4)  79a 
(5)  $25.60.   (6)  $18.62.   (7)  ^6.  18*.  2id. 
(8)  £6,  6s.  9^. 

Ex.  (exxiT),  p.  258. 

(1)  ♦4.98|9.     (2)  $520.96^.  (8)  210  ft. 

(4)  185  ft.       (5)  jei8. 10«.  (6)  $6.95. 

(7)  $1.20.       (8)  12  ft.  (9)  62  yd.  1ft. 

(10)  22^  a.       (11)  m  ft.  (12)  1ft.  9i  in. 

(18)  $12.       (14)  5952  stones.  (16)  $12.96. 
(16)  $13.50.     (17)  429  yds. ;  716  yds. 

(18)  I0511i  eq.  yd.;  2956i  sq.  yd.  (19)  26. 

(20)  $69.20.      (21)  $2955^  (22)  $112.64. 
(28)  2  ft       (24)  800. 

Ex.  (oxxy),  p.  262. 

(1)  886  enb.  ft    (2)  548f  oub.  ft.  (8)  88^  cub.  ft. 

(4)  860^  cub.  ft.  (5)  1058;^  cub.  ft.  (6)  9600. 

(7)  16336  tong.    (8)  600  men.  (9)  1  ft.  7  in. 

(10)  2031i  lb.    (11)  i  cwt.  (12)  6i  ft. 

>  D  160.       (14)  81  ft.  (16)  J88  19s.   2i. 
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Examination  Papers. 

(1)113.  (2)  $75.  {S)Sl;H;  U;h 

(4)  30  inches.      (5)  6  of  each.       (6)  -02 ;  2000  ;  -000002  : 

2000-020002;  ^"ggg;^;"^- 

(7)  -432.  (8)  7899  mi.  1  far.  25  po.  3  ft.  6  in. 

(9)  45  miles.       (10)  $210.  (11)  9405  steps. 

(12)  $5670,  $7560.  (13)  -jMf;  '0189. 

(14)  f ;  -75.  (15)   14.  (16)  17695260  in. ;  ffi. 

(17)  12  days.       (18)  108.  (19)  $12000. 

(20)  A,  $2.49;  J5,  $15.81.  (21)  1;  |f. 

(22)  W(f;  T-e^o^;  '21;  2100.  (23)    ^^f,:  twice. 
(24)  iei42  12s.  6d. ;  ^42  15s.  9c?. ;  ^14  5s.  dd. 

(Z5)  12-96;   ||.  (26)  5  h.  48  min. 

(27)  21  yd.  2  ft.  2f  in.  (28)  $32-66f . 

(29)  $166-661.  (30)  $49-50  and  $49.50. 

^31)  3^:  (32)  UU- 

(33)  4  per  cents.;  $128700.  (34)  7^  knots. 

(35)  $35.00  and  $52.50.  (36)  35  cents  less. 

(37)  3  ft.  (38)  5x\%;  ^17i|. 

^39)  65-3  ft.         (40)  75^  yds.  (41)  1. 

(42)  $4200.  (43)  269  W-  (44)  256. 

(45)  16s.  Qd.  (46)  200,  189,  101. 

(47)  $2-1;  10  %.  (48)  $1785.  (49)  270  ft. 

(60)  £5  15s.  0|c?.(51)  -|#|.  (52)  5s.  Id. 

(53)  $37331-.         (54)  36  days  (55)  26  sec.  loss. 

(56)  $823.68.       (57)  $9.37^.  (58)  $16^. 

(59)  $1.50.  (60)  $15f.      •  (61)  2|. 

(62)  33-6  in.         (63)  1  lir.  (64)  $3346.87^ 

(65)  3  hr.  (66)  8  hr.  (67)  7  %. 

(68)  $1680.  (69)  16i  ft.  (70)  11  sq.  It. 

(71)  llU.  (72)  7-976  d.  (73)  89 ^\  ;  -000365. 

(74)  $4906-25.      (75)  16  day.  (76)  107tV\  ^^y^' 
(77)  A  gets  $1925;  B  $770;  C  $154.         (78)  $3600;  5|  %. 

(79)  Loss  of  40  %.  (80)  ^4  Is.  QUd. 

(81)  f  6.33403.     (82)  ^7.  (83)  8  days. 

(84)  4  hr.  32  min.  (85)  22  lb.  of  nitre,  4|ib.  of 

charcoal,  3^-  lb.  of  sulphur.  (86)  95yV  cents. 

(87)  $16.  (88)  $12705.  (89)  1-2535  lb. 

(90)  $60.75 ;  $20,421.  (91)  1. 

(92)  31116.  (93)  £1;  '740. 

(94)  13^2  min.  to  12.  (95)  7i  %. 

(96)  4%  &  5%.     (97)  $805.  (100)  $67.50, 
(99)  900. 
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(101)  42288274626.  (102)     -8987  in. 

(108)  A  in  6f|  da.;  J5  in  9fJ  da.;  C  in  14^  da. 
(104)  90  miles.  (105)     $410;  $800; 
(106)  $9.60.     (107)    Loses  4^.    (108)     $214. 

(109)  $9.88A.  (110)      Is'  Hd, 
(111)  14min.         (112)     J.  (113)     $8250. 

(114)  80  mi.;  26  mi.  per  hour.       (115)     7i ;  ^60  less. 

(116)  4  days.  (117)     $6.17^. 

(119)  On  Tuesday  p.  m.  when  one  clock  marks  9h.   11m.. 
and  the  other  8fi.  64m.  SOseo. 

(120)  $1288.70  (121)     4497  times. 
(122)  $460.                                     (128)     $10,$18,$16. 
(124)  $1.12.         (125)    80.           (126)     4  times. 

^127)  B  walks  a  mile  in  18^  min  ;  he  loses  by  11^  min. 

and  by  ^  mi  (128)    7^  months. 

(129)  90  ;  $466.  (130)    1200  gal. 

181)  4j\,  (182)     46.        (183)     4000  ft. 

134)  A,  gets  88  cents ;  B,  49^  cents. 

(185)  18^4^  min.  and  16^  min.  past  8. 

'186)  13i  years.  (137)     Jei86.  9i.  2d.  ;  6i  % 

(188)  10.  (189)     £60000.     (140)    88. 
(141)  $1.76.      (142)     S^days.     (143)     8^  hrs. 
;i44)  28fdayB.  (145)    400  niiles. 

(146)  87^.  (147)    A   gets    $1166  ;  B, 

$672  ;  C,  $269.60.  (148)     6^. 

(149)  111835f  metres.  (150)    ^44. 18s.  8d. ;   i  ft. 

(161)  2.  (152)     987 ;  -02268  of  an  mch. 

(163)  7i  miles.     (154)     8^.         (155)    £600.     (166)  $760. 

(157)  16|  miles.  (169)     24-9  fr.  =  £1. ;  25-15  £r.  =  £1. 

(160)  8ft.  11^,  in.(161)     1.  (162)     7442^ 

(163)  48  min.  (164)    4^  months. 

(165)  9  of  spirit  to  81  of  water.    (166)     56^%. 

(167)  $2086.        (168)    10.  (169)  2-198in.  inaoenttiry 

170)  6.80  p.m.     (171)     103-67;  674.  (172)    16  hr. 

(173)  56  yd.        (174)    $6.  (176)    ^  min. 

(176)  $23 •  17|^.  (177)    132»  min.  (178;    1620  tons. 

(179)  10861578  nearly.  (180)     1120  yd. ;  262^  ac. 

(181)  16  masters,  345  boys. 

(182)  A  gets  $17.60;  B,  $52.50  ;  0,  $105  ;  A  $176. 

(183)  $4500.  (184)     18  cents.  (185)    40  %  of  loss, 

(186)  $24360.        (187)     6  cents.  (188)     $11886.76. 

(189)  $3.40.  (190)  $81.12 ;  7  yds.  (191)     2. 
(192)  lAbr.  (193)     $7500. 

194)  $3760.  (195)     $8400. 

(196)  Each  child  gets  $1920,60  ;  eaoh  brother,  $960.80. 
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(197) 
(199) 
(200) 
(203) 
(206) 
(207) 
(209) 
f211) 
(214) 
(216) 
(218) 
(221) 
(223) 
(226) 
(228) 
(230) 
(231) 
(233) 
(236) 
(239) 
(241) 
(244) 
(246) 
(248) 
(260) 
(261) 
(254) 
256) 
(269) 
(261) 
(268) 
(266) 
(269) 
(271) 

(276) 
(278) 
(281) 
(283) 
(284) 
(286) 


$215. 

60000000  quarters. 

8  miles  an  hour  ;  1^  miles  an  hour. 


(198)    He  gains  14,«i  f . 


87A. 

12.00. 

151'  40  of  increase. 

83  ft).  7  oz.  Avoir. 

£9.  ds.  6d,      (212) 

4%. 

$92 ;  4116. 

»4000»  (219) 

•05. 

9000  men.       (224) 

19126.  (226) 

10  hours. 


(204) 


(202)     41. 


1609-806  metrea. 
8-243  %. 
2:7. 
(210)     2  ft.  8  in. 
6  io  and  10  %.      (213) 

(216)  $2450. 

(217)  80  days. 
♦116.  (220) 

(222)     124.001  and  f. 
Second  greater  by  $60. 
7i  hr. ;  18  hr. ;  5\  hr. 

(229)     $6120. 


8  pints 


474. 


Length  82  ft. ;  breath  16  ft. ;  height  8  ft. 
68.  (232)     42000. 

$83.75.  (286)    Lost$l. 

$806.  (287)     $ii'  (238) 

$9.60.  (240)    48000. 

8s.         (242)     8^  days.     (243)     90  days. 
$66000,  $48000,  $42000.    (245)     $86. 
160;  628.  (247)     1500  bbls. 

jei.  11«.  4id.  (249)    6i  years. 

Length,  27  ft. ;  breadth,  18ft.;  height,  12  ft. 


^6000. 


(262)     9 


$80. 


3998936616 

Increase  $160. 

4i  days.       (267) 

24  days. 

400  in. 

limi.         (264)    B. 

$1200.    (267)     Loses  6% 

$40800 

■0001  and  -0002. 
X>  $7000. 

(276)     $6.60. 

(279) 

(282) 


Between 

C$6000; 

If  cents. 

$12800. 

750  ,      , 

45  mi.  and  80  mi 

60  per  cent. 

16  i  cwt.  of 


(263) 
(255) 
(258) 
(260) 
(262) 
(265) 
(268) 
(270) 


17f%. 


4^  per  cent. 

£110;  160  per  cent 

$563i  ;  6%. 

$200. 

$4.81  neuriy. 

26  cents. 

(273)  A  $3200  ;  £$4800; 

(274)  $6.50. 
(277)       96joents. 
(280)r^.  m. 

478,  869,  and  684. 
per  hr. 


$4.80. 
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<S96)  5  hr.  lOH  min. 

(297)  $39.95. 

(299)  $10?. 

(801)  7U-41 ;  1-46. 

(303)  $274.12^;  $466.25 

(805)  8i  aud  i- 

(807)  120000. 

ei3J 

(810)  112.81 

(812)  61  per  cent. 

(814)  $3000. 

(316)  73fcents. 

(818)  5,  by  16  yds. 

(820)  26  yd. 


(296)    82  days. 

(298)    8  per  cent. 

(300)     28i;  427ilb. 
(802)    4  per  cent. 
(804)    i. 
(806)     $1023.76. 

(308)  $80  ;  $133i  ;  Lobs 

(309)  $6100. 

(311)      1||03;      IS. 

(818)  16  years. 
(316)  $7800. 
(817)  li  months. 

(819)  i  per  cent,  loss 
(321)  ^  ;  62«  ;  7. 
(323)  14  min.  43|  sec, 
(325)  1  ;  2. 
(827)  $10000  ;  $4000. 
(830)  8*.  2^^. 

(833)     6  miles. 


(822)  ^62.  6#, 

(824)  9  days. 

(826)  $1440. 

(828)  70.  (829)     2s.  6d. 

mi)  I;  i;  1.  (382)     6hr. 

1834)  $234;  $266.40  ;  $306;  $346.60. 

(886)  8i  hours.  (336)    70  cents. 

(337)  First  is  $60.      (338)     $14600.  (839)     25  oxen. 

(840)  A,  8240  ;  B,  2916;  D,  2052;  C,  1944;  E,  1728,  in 
»U,  6480. 

(841)  12}^.  (842)    4||.  (848)    $2200. 
j844)  66.                     (345)    18  min.           (846)     ^1160. 
|847)  Man  gets  M.  4j.  ;  woman  gets  £8 ;  child  ^1 16c 
(348)  27951:  12500. 

(849)  876  grains  of  potash;  890  grains  of  soda. 

(UO)  $20.9& 
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INTEREST,  ANNUITIES,  ^c. 

1.  To  find  the  amount  of  a  given  sum,  in  any  given 
time,  at  Simple  Interest, 

If  P  be  the  principal  in  dollars,  n  the  length  of  time  in 
years,  r  the  interest  of  $1  for  1  year;  then  the  interest  of  $P 
for  1  year  will  be  Pr,  and  for  n  years  will  be  Pm ;  where- 
fore, if  I  be  the  Interest,  then 

I  =  Pm. 
If  M  be  the  amonnt,  we  hare 

M  =  P  +  Pm 
=  P(l-f-m). 

2.  To  find  the  amount  of  a  given  sum,  in  ecny  ^vtrt 

time,  at  Compound  Interest. 
Let  P  =  the  principle  in  dollars  ; 
"    r  =  the  interest  of  $1  for  1  year ; 
"    n  =  the  number  of  years  ; 
««    E  =  the  amount  of  SI  fori  year  =  1  -f  r; 
then  PB  will  be  the  amount  of  8P  for  1  year, 
and  this  becomes  the  Principal  for  the  2nd  year; 

/.  PER  =  PE» 
wiU  be  the  amount  of  $P  for  2  years, 
and  this  becomes  the  Principal  for  3rd  year  ; 

.-.  PE2E  -  PE8 
will  be  the  amount  of  $P  for  8  years,  etc. ; 
bence,  M  =  PR** 

=  P(l+r)% 
will  be  the  amount  of  $P  for  n  years. 

Interest  =  PE»  —  P 
=  P(R"— 1). 

3.  To  show  that  the  formula,  M=  PR"  is  true  when 
n  is  fractional. 

If  »  is  fractional  we  can  always  find  a  whole  number  such 
tbftt  na  \a  %  whole  niMBbe?  s=  g.,  euppow.     DiTide  the 


year  into  a  equal  intervals,  and  let  m  be  the  amount  of  SI 
in  one  of  these  intervals,  then  the  amount  of  $1  in  a  in- 
tervals is  m'*,  and  is  equal  to  R;  also  the  amount  of  $1  in 
n  years,  that  is  na  intei-vals,  is  equal  to  m"^,  and  therefore 
equal  to  R" ;  hence  the  amount  of  |P  =  PR" ,  therefore  the 
formula  is  true  for  fractional  values  of  n. 

Thus,  if  r'  is  the  nominal  yearly  rate  of  interest  of  $1  pay- 

r' 
able  q  times  a  year,  meaning  that  —  is  the  interest  payable 

at  the  end  of  each  qth  part  of  a  year,  then  the  amount  of  $1 

I         r'\i 
in  a  year  is  $    1  +  —      ,  and  the  irne  yearly  rate  of  interest  is 


■•(-^1 


is$(i+^y, 


Ex.  (1).  Find  the  amount  of  $100  in  2^  years  at  8  • 
per  cent.  Compound  Interest. 

M  =  100Jl+4)' 

(5       8         5-3       /^\  2         5-3-1     /  8  \  ^ 
=  100  |1  +  2  'ioo  +  I^'-  \100/     ^  1-2-3-23  [lOo)    "*"  *" 
=  100  (1  +  -02  +  -012  4-  -000155  +  ...) 
=  #121-215... 

Ex.  (2).  Find  the  advantage  when  Compound  Inter- 
est is  reckoned,  of  having  the  interest  paid  half-yearly, 
quarterly,  &c.,  instead  of  yearly. 

The  advantage  per  $1  for  a  year,  vrhen  the  interest  is  paid 
haK-yearly,  and  the  half-yearly  payment  is  half  the  yearly 
one. 

=  (l  +  ly-  (1  +  r) 


1  +  r -t-^  +  ...  —  (1  +r) 


=  -J-  nearly,  since  r  is  a  small  fraction. 

Similarly,  when  the  interest  is  paid  quarterly,  the  advan- 
3r' 
cage  =   -^  nearly. 
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And  generally,  when  the  interest  is  paici  «  times  a  year 
the  advantage 

lp-l\ 


nearly. 

Ex.  (3).  Find  the  amount  of  a  given  sum  at  com- 
pound interest,  the  interest  being  supposed  due  every 
instant. 

If  the  interest  were  paid  q  times  per  annum,  then 

1  +  5) 

=  P  1 1  +nr-\-nln  —  '^\r^  +  ..A 

Now,  if  ^  fee  indefinitely  great,  that  is.  the  intervals  be- 
tween the  payments  indefinitely  small,  then,  neglecting - 
and  its  powers,  we  heve 

l+nr  +  32-  +    1:2^  +  ...  I 

=  Pe^',  where  e  =  2-7182818. 

Todhunter's  Algebra,  Art.  642. 

Ex.  (4).  If  P  represents  the  population  of  any  place 
at  a  certain  time,  and  every  year  the  number  of  deaths 

is  -^th,  and  the  number  of  births  -^th,    of    the    whole 

population  at  the  beginning  of  that  year;  required  the 

amount  of  population  at  the  end  of  n  years  from  that 

time. 

At  the  end  ol  one  year  from  the  time  the  population  was  P, 

P        P      ^P  — « 
•*.  the  mcrease  =  -  —  •r;  =  P"rr 
q         p  pq 


APPENDIX  829 

•.  population  at  end  of  1st  year 
Similarly  popiilation  at  end  of  second  year 

tt-nd  so  on  as  in  Compound  Interest. 

I        P — 3 1'* 
Hence,  poptilation  at  end  of  nth  year  --  P  j  1  +  -— -  r 

4.  To  deduce  the  formula  for  simple  Interest  from  the 
formula  for  Compound  Interest. 

M  =  PR« 

=  P(i  +  r)« 

(  n(n  —  l) 

=  P|l  +  nr  +    \  .  2    r^  +  &c. 

Now  Compound  Interest  may  be  regarded  as  consisting 
of  two  parts : 

(1)  Interest  on  principal,  and 

(2)  Interest  on  interest. 

If  from  the  value  of  M,  given  above,  we  take  away  the 
part  that  represents  interest  on  interest,  there  remains  the 
interest  on  the  principal  or  the  Simple  Interest.  Now  the 
third  term  contains  r^  or  r  X  r,  that  is  interest  on  interest. 
Similarly  for  succeeding  terms. 

Therefore  for  Simple  Interest  we  have 

M  =^  P  (1  +  nr),  as  before. 

Hence,  any  formula  for  Simple  Interest  may  be 
deduced  from  the  corresponding  one  for  Com 
pound,  by  neglecting  r^  and  all  higher  powers. 

Therefore,  in  general,  we  shall  find  the  Icrmula  for  Com- 
pound Interest,  and  deduce  the  corresponding  ibrmula  for 
Simple  Interest.  Indeed  this  is  the  only  rational  method 
of  treating  the  subject.  There  is  but  one  kind  of  interest, 
viz..  Compound  Interest.  Simple  Interest  is  incorrect  in 
principle,  and  of  course  may  lead  to  v^ery  incorrect  results. 
When  any  sum  of  money  is  due,  it  matters  not  whether  it  is 
called  principal  or  interest,  it  is  of  value  to  the  owner,  and 
should  bear  interest.  The  results  obtained  by  the  principle 
cf  Simple  Interest  are  merely  approximations  to  the  correct 
results  obtained  by  th»  principle  of  Compound  Interest. 
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Exercise  I. 

(1)  A  snm  of  $P  is  put  ont  at  Simple  Interest  for  n  yeAM  i 

find  an  expression  for  its  amount  at  the  end  of  that  time. 

(2)  If  R  be  the  amount  of  ^1  in  one  year  at  any  rate  of 
interest,  the  amount  of  P  dollars  in  »  years  will  be  PR* , 
whether  n  be  integral  or  fractional. 

C8)  If  $P  at  Compound  Interest'amount  to  $M  in  t  years ; 
what  sum  must  be  paid  down  to  receive  $P  at  the  end  of  t 
years  ? 

(4)  If  $P  at  Compound  Interest,  rate  r,  double  itself  in  n 

years,  and  at  rate  2r,  in  m  years ;  show  that  —  s.  4, 

n  "^  ' 

(5)  In  what  time  will  a  sum  of  money  treble  itself,  at  6  pep 
cent..  Compound  Interest  T 

log  8  =  -4771212,  log  1-06=  -0211898. 

(6)  A  sum  of  money,  $P,  is  left  among  A,  B,  0,  in  s«oh  • 
manner  that  at  the  end  of  a,  6,  c  years,  when  they  respective- 
ly come  of  age,  they  are  to  possess  equal  sums ;  find  the 
share  of  each  at  compound  interest. 

(7)  Two  men  invest  sums  of  $4410  and  $4400  respectively, 
at  the  same  rate  of  interest,  the  former  at  simple,  the  latter 
at  compound  interest ;  at  the  end  of  two  years  their  pro- 
perties amount  to  equal  sums ;  find  the  rate  of  interest. 

(8)  In  a  certain  county  the  births  in  a  year  amount  to  an 
wth  of  the  whole  population,  and  the  deaths  to  an  nth  ;  in 
how  many  years  will  the  population  be  doubled  ? 

(9)  A  person  spends  in  the  first  year  m  times  the  interest 
of  his  property ;  in  the  second  year,  2m  times  that  of  the 
remainder ;  in  the  third  year,  8m  times  that  at  the  end  of 
the  second,  and  so  on ;  and  at  the  end  of  2p  years  he  has 
nothing  left ;  shew  that  in  the  pth  year  he  spends  as  much 
as  he  has  left  at  the  end  of  that  year. 

(10)  If  interest  be  payable  at  every  instant,  in  how  many 
years  would  $1  amount  to  $6,  reckoning  interest  at  6  per 
cent.  ? 

(11)  A  person  starts  with  a  certain  capital  which  produces 
him  4  per  cent,  per  annum  compound  interest.  He  spends 
every  year  a  sum  equal  to  twice  the  original  interest  on  his 
capital.  Find  in  how  many  years  he  wiJQ  be  ruined,  having 
given  log.  2  =  -3010300,  log.  18  =  1-1139484. 

(12)  The  population  of  a  county  is  35748.  There  is  no 
•migration  or  immigration.    The  Mmaal  deaths  are  27  in 
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the  1000,  and  the  births  62  in  1000.     What  will  be  the  in- 
crease of  the  population  in  five  years  ? 

(13^  If  the  population  of  a  country  be  P,  and  every  year 
the  number  of  deaths  '3   -sVtt    and  the  number  of  births 
-4Vth,  of  the  whole  population  at  the  beginning  of  the  year ; 
find  in  what  time  the  population  will  be  doubled, 
xog  181  =  ?.-25768,  .og  3  =  -4771213. 
log  2  =  -30103. 

(14)  On  a  sum  of  money  borrowed,  interest  is  paid  at  the 
rate  of  5  per  cent.  After  a  time  $600  of  the  loan  is  paid  off, 
and  the  Interest  on  the  remainder  reduced  to  4  percent.,  and 
the  yearly  interest  is  now  lessened  one-third  What  was  the 
sum  borrowed? 

(15;  If  a  debt  a  at  compound  interest  is  discharged  in  n 
a 
years  by  annual  payments  of  -— ,  show  that 

a  +  rf  (1— mr)=l. 


DISCOUNT, 

5,  To  find  the  Present  Worth  and  Discount  on  any  sum 
for  a  given  time,  (1)  Compound  Interest.  (2)  at  Simple 
Interest. 

The  principal  difference  between  Amount  and  Present 
Worth  is  that  the  former  is  reckoned  forwards  from  a  given 
date  while  the  latter  is  ckoned  backwards  from  the  same 
date.  Hence  it  is  ev  t  that  if  V  represents  the  Present 
Worth,  tlien, 

V-=P(l  +  r)--* 
P 
=  TT^TZxH:  fo^  Compound  Interest; 

expanding  and  negleeting  r*  and  higher  powers  we  have 
jPjT^  for  Simple  Inteyesti, 
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K  D  be  the  Discount,  then 

r  =  p  -V 
P 

—  P_- --,  Compound  Interest. 

P 

"^■^"iTnr'  app^'oximately, 

Prir  .       ,    _ 

.=  1    , —  >  Simple  Interest. 
1  +  nr  ^ 

6      If  we  expand  P  (i  +  r)-^,  ani  neglect  r^  and  higher 
powers,  we  get 

P  (1  —  nr) 

which  may  be  called  the  common  present  worth. 

The  true  present  worth  is 

P- 
r— ;  by  division 

=  P  (1  -  w  +  n^r^  —  n'^r'^  +  dec. 

Subtracting  the  common  from  the  true  present  wortn,  we 
get 

p^2^2  (1  _  nr  +  n^r-'  —  cfcc.) 

and,  therefore,  when  n  is  small  tne  error  committed  in 
taking  common  for  true  discount  is  nearly  proportional  to  the 
square  of  the  time. 

In  the  expression 

P  (1  —  m), 

1  1 

if  n  =  -  the  common  present  worth  is  nothing ;  while  if  n  >  - 

it  is  a  negative  quantity.  That  in,  the  common  present 
worth  of  a  bill  for  §100  due  20  years  hence  at  5  per  cent,  is 
nothing,  and  for  any  period  beyond  20  years  the  holder  of 
the  bill  would  require  to  pay  a  certain  sum  to  get  quit  of  it, 
which  is  absurd.     The  true  present  worth  of  $100  due  in  20 

P 
years,  as  given  by  the  formula  ^       -,  is  $50. 
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The  interest  u 

^eater  than  the  diecourU, 

Sinoe              D 

Pnr 

1 

__  l+tvr 

IT 

Pnr 

=  >V 

1 

=  -^- 

4' 

.-.    1   >  D. 

1 
8.  Sinee  V  = 


and  D  = 


1  +  nr, 
Pnr 


—     1  +  nr 

1  +  nr 
l^a  see  that  ihe  Discount  is  the  Present  Worth  of  the  Intfest.^ 

9.    The  Discount  is  half  the  harnumic  mean  beitpeen 
the  Principal  and  the  Interest. 

I 


D  = 


1+nr 

PI 
P  +  Pw 

PI 
P+I 
2  PI 


"  P  +  I 
»s    half   harmonio    mean   between 
principal  and  interest 

Ex.  (1).  The  Simple  Interest  on  a  certain  Bnm  of 
money  for  a  certain  time  is  $28,  and  the  discount  for 
the  same  time  at  the  same  rate  of  simple  interest  is 


884  AmNDix. 

$24.     What  is  the  sum  of  money?     If  the  time  be  R^ 
years,  what  is  the  rate  per  cent.?" 

From  the  above  formula  we  have 

^*  P  +  28 

24P  +  24  X  28  =  28P 

4P  =  24  X  28 
P  =  $168 ; 

tlie  sum  required  is  $168. 

Again,  D 


24  = 
8  = 


1+nr, 

28 
l-j-3ir' 

2+7r  • 


1 

'  =""21-' 

100         ... 
••.  rate  per  cent.=  100r=^j-  =  4^ 

Ex.  (2)    If  the  Simple  Interest  on  a  sum  ot  money 
for  a  given  time  and  rate  is  ith  of  that  sum  itself,  ih« 

True  Discount  will  be — — pof  the  sum. 
w-f-1 

but,  in  thifl  oase,  I  =  i  P  ; 

.•.    D  = 


P+AP 
P 


Similarly,  if  the  interest  be^of  the  principal,  the  dif«oiut 
is  .of  the  principal. 
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Ex.  (8).   Bank  Disconnt  at  5  per  cent,  being  $180.90, 
find  the  true  discount  on  the  same  amount. 

-5-=—-^^,  where  n  =  T^=Jtr. 

"  21 
20 
%D  =    gj-X  $180.90. 

=  $124- 66|. 

10.  Bank  Discount  exceeds  True  Discount  by  the  Simple 
Interest  on  the  True  Discount. 

Bank  Disoonnt — True  Discount  =  I—D 

Pnr 
—  Pw  -  J  _^  ^ 

w 


-  ('-rr^l 


Pnr 
l  +  «r 
=  Dnr 

=  Simple  Interest  on  the 
True  Discount. 

Ex.  (4)     The  True  Discount  on  a  biU  due  in  1  year, 
and  discounted  at  8  per  cent,  being  $600,  what  would 
have  been  the  Bank  Discount  thereon  ? 
Bank  Discount  =  True  Discount  -|-  Dnt^ 
=  $500  +  $600  X  tSv 
=  $640. 

Exerciie  II. 

(1)  Bank  discount  being  5  per  cent.,  a  person  receives 
187.10  less  than  the  nominal  value  of  lus  bill.  What 
should  he  receive  for  his  bill  if  true  disoonnt  only  were 
deducted  ? 

(2)  A  person  possesses  a  sum  of  money,  the  simple  inter- 
est of  which  at  4  per  cent,  is  $636.26.  With  this  sum  he 
purchases  an  estate,  for  which  he  pays  by  a  note  payable  in 
4  month's  time,  and  which  being  discounted  at  4  per  cent., 
is  worth  at  present  exactly  the  money  he  possesses.  For 
bow  much  is  the  bill  drawn. 
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(8)  True  discount,  at  A  per  cent.,  on  a  sum  of  money 
being  $15,  find  simple  interest  on  the  same  sum  at  6  per 
cent. 

(4)  The  interest  on  a  certain  Buni  of  money  is  1 180,  and 
the  discount  on  the  same  sum  for  the  same  time,  and  the 
same  rate  of  interest  is  1 150 ;  find  the  sum. 

(6)  If  the  interest  on  $A  for  a  year  be  equal  to  the  dis- 
count on  $B  for  the  same  time,  find  the  rate  of  interest. 

(6)  If  the  three  per  cents  are  at  90  one  month  before  the 
payment  of  the  half-yearly  dividend,  what  is  the  rate  of 
interest  ? 

(7)  A  gives  B  a  biU  for  $a,  due  at  the  end  of  m  year«,  in 
discharge  of  a  biU  for  $6,  due  at  the  end  of  n  years :  for 
what  sum  should  B  give  A  a  bill  due  at  the  end  of  p  years, 
to  balance  the  account  at  Compound  Interest  ? 

(8)  Given  A  my  income,  a  the  premium  for  assuring 
^100,  r  the  rate  of  Interest  per  cent,  per  annum ;  find  what 
sum  I  must  lay  out  in  assuring  my  life,  so  that  my  execu- 
tors may  receive  a  sum,  whose  interest  shall  equal  my 
reduced  income. 

(9)  A  sells  goods  to  B  and  allows  him  10  per  cent,  dii- 
count,  if  he  pay  in  six  months ;  what  discount  ought  he  to 
allow  if  payment  be  made  in  two  months,  at  6  per  cent,  pe* 
annum,  simple  interest  ? 

(10)  The  discount  on  a  promissory  note  of  $100  amounted 
to  $7.60,  and  the  interest  made  by  the  banker  was  $5*405 
per  cent. ;  find  the  interval  at  the  end  of  which  the  note  was 
payable. 


FQ  UA  TION  OF  PA  7 ME  NTS. 

11.  To  find  the  equated  time  of  payment  of  two  sums 
due  at  different  time*  at  a  given  rente  of  interest, 

Pi      (Pi  +  PQ     P.      ^ 

Let  Pi,  P„  be  the  sums  due  at  the  end  of  the  time 
»i,  7Z, ;  r  the  rate  of  interest ;  take  time  N  greater  than 
»!.    Then  it  is  manifest  that  the  amonnts  of  P,>  P«,  at 
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the  time  N,  should  in  equity  be  together  equal  to  the 
amount  of  their  sum,  (Pj  +  Pg),  in  the  same  time. 

Whence, 
Pi  [l  +  rj  +  V,  [1  +  rj 

=  (pi  +P2](l+r) 

/  \N 

or  dividing  both  sides  by  1  1  +  r  I     ,  we  have 

Pi(l  +  r)    ''Vp,(l+r)      '''=(Pi  +P2)(l+r)'^.(l) 

that  is,  the  present  values  of  these  siuns,  due  at  tlieu-  respec- 
tive times,  are  equal  to  the  present  value  of  their  sum,  due 
at  the  equated  time. 
If  we  expand,  neglecting  r^  and  higher  powers  we  have, 
Pi  (1-^1^)  +P2(l-^or)=(Pi  +  Pg)  (1-nr) 
or,  Pi7ii  +  Pgnj  =  (Pi  +  Psjn; 

PlWi    +  PgWg 

which  is  the  rule  given  in  Art.  184. 

12.    We  have  seen,  Art.  6,  that  the  expansion  of 


(..,)-. 


neglecting  r^  and  higher  powers,  gives 
c&nimon  present  worth  instead  of  true  present  worth. 
The  above  process  is,  therefore,  incorrect.  It  may  easily 
be  seen  that  we  have  taken  the  interest  instead  of  the 
discount  of  sum  paid  before  it  is  due,  and  thus,  since 
interest  is  greater  than  discount,  Art.  7,  a  small  advan- 
tage has  been  given  to  the  payer. 

13.     If  we  write  equation  (1)  in  the  iorm, 

Pi  P2        _  P.  +P2 

(1  +  r)\     "^    (1  +  r}\     —  "(TTry^ 
«nd  expand,  neglectmg  r^,  and  higher  powers,  we  have 
"1  P2  Pi  +P2^ 

r^h  IS  the  xorm  of  the  equation  for  Simple  Interest. 
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Solving  for  »i  we  get 


which  is  the  correct  vahie  of  the  equated  time. 

If  r  be  a  very  small  quantity,  as  in  practice  it  usually  is, 
and  Pi,  P2,  not  very  large,  we  shall  have 


,  as  before. 


Al^NUITIES. 

14.  The  term  Annuity  is  understood  to  signify  any 
interest  of  money,  rent,  or  pension,  payable  from  time 
to  time,  at  particular  periods  ;  and  these  payments  may 
take  place  yearly,  half-yearly,  quarterly,  dc. 

15.  To  find  the  Amount  of  an  annuity,  to  te  paid  for 
a  given  number  of  years,  at  Compound  Intei'est. 

Let  A  be  the  annuity,  n  the  number  of  years,  E  the 
amount  of  one  dollar  in  one  year,  M  the  required 
amount. 

We  have 

Amount  due  at  the  end  of 

1  year  =  A 

2  "     =A  +  AE 

a     "     -:=  A  -^  AE  +  AE2 
v.e.      •'     -=  &c. 

■V     ''     :==  A  +  AE  +  AE2  -r  Al>" 

E"  — 1 

^E— 1 

E«  — 1 


,u.    -or  t^imple  Interest,  expanding  and  neglecting 
^^a  iiigher  powers,  we  get 


=  A|„  +  |(„-l)r|. 

17-  To  find  the  Present  Value  of  an  annuity  ^  to  he  paid, 
for  a  given  number  of  years,  at  Compound  Interest. 

I.  The  amount  of  the  annuity  at  the  end  of  the  first 
year  is  A,  while  the  present  value  ig  AR~^ ;  similarly, 
the  amount  at  the  end  of  the  nth  year  is  AR'^^,  and  the 
present  value  is  AR~".  Hence  in  order  to  obtain  the 
present  value  from  the  amount  we  must  first  multiply 
the  formula  for  the  amount  by  R,  and  then  change 
the  sign  of  the  index  of  R. 

M 


R 

Multiplying  by  B  we  get 

R^+i  - 


A. 


R-1 

Changing  sign  of  index  we  have 


P»A  R-^"+^^  — R"' 
R-i  — 1 

.    R-^   -1 


■^  1    -    B 


n.  We  may  obtain  the  same  result  by  proceeding  on 
the  principle  that  if  the  present  value  P  be  put  out  to 
compound  interest  for  n  years,  it  ought  to  amount  to 
the  same  as  the  annuity  for  that  time. 


Hence 


^40  Afl»KJ?6tX. 

in.  We  will  now  proceed  on  the  princf  pie  that  th« 
present  value  P  is  the  sum  of  the  present  i  alues  of  th* 
respecrtive  annual  payments. 

Present  value  of  A  due  1  year  hence  =  A  "R"* 
«  «  2        "  =  AR-« 

&c.  =  dM\ 
"  ««  n        **     •*     —■  Al'.-» 

.'.  P  =  AR-i  +  AR-»  4-  AR-»  .  .  .  AR— 

B,-»  — 1 
=  AB~i 


=^(-H 


18.  For  Simple  Intft^est,  expanding  and  neg  eotinf 

r"  and  higher  powers,  \»    get : 


r=t(--ir} 


—  A     (l  +  r)"-l 
"~  r  '       (1  +  r)« 

«  A.^    1  +  nr  4-  "(-^j^-a  -f-  .  .  .  ~4 
'*   »•  *  1  4-  rtr 

=  A.  ^  +  ^(^— l)r 
1  -f  nr 

=  nA  .  2  -H  (n  — l)r, 
2  1  +  nr     * 

19.  To  find  the  present  value  of  a  perpetual  annuity, 
I,  Reckoning  Compound  Interest. 

P  =  AR-i-f  ABT^  . .  . .  oa  wyfimivm, 
_AB-i 

A 


B-1 

'  T 
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//.  tieckonin^  Simple  Interest, 

p^nA     2  4-  (n-l)r 
2  '        1  -H  wr 

nA     ^  +  (l~i)r 


2  i+r 

Now  when  n  =  a,  *he  limit  of 

i+(l-i)r        _     0  +  (l-0)r 


=  1. 


i  +  r  0  +  r 

X  A 
Hence,  the  hmit  of  P,  when  w  =^  x  =  — n~  =  «  . 

This  result  shows  tliat  an  infinite  sum  of  money  is  re- 
quhed  to  be  left,  in  order  to  insm-e  an  equal  annual  pay- 
ment for  ever,  which  is  absui'd.  It  indicates,  therefore,  that 
the  only  con-ect  method  of  computing  annuities  is  on  the 
compound  interest  principle. 

20.  To  find  the  Present  Value  of  an  annuity,  to  com- 
mence at  the  end  of  p  years,  and  then  to  continue  q  years. 

The  present  values  of  the  first,  second,  &c. ,  ^th  payments, 
due  at  the  end  oi  p  -^  1,  kc-,  p  +  q  years  respectively,  will 
evidently  be 

AR-<P+^)  AB-<P+2^         &c.     AR-(P+^); 

whence  the  present  vaJue 

P  =  AR-^P-^^^'  il  +  E-i  +  R-^  +  ...  +  R-(^-« 


"  EP+q 

If  the  annuity  is  payable  for  ever  after  p  years  have  ex- 
pired, by  summing  tiie  above  series  ad  infinitum,  we  have 
A 
^  =  Rp(R-l)' 
These  formula  enable  us  to  compute  the  values  of  Rever- 
sions, ox  Annuities  in   Reversion;  and  the  latter  determines 
the  value  of  the  Fee  Simple  of  the  freehold  estate,  which  is 
to  fall  in  at  the  expira*^Dn  of  p  years. 


Ex.  1.  A  sum  of  $a  is  borrowed  for  a  period  of  in 
years,  to  be  repaid  by  equal  annual  instalments,  the 
first  payment  to  be  made  after  one  year.  Find  ihc 
amount  of  the  annual  instalment. 

Let  A  be  the  annual  instalment. 
Then  the  amount  of  this  annual  payment  in  m  years. 
A 


^|B"-| 


Again,  if  the  sum  a  be  allowed  to  aooumulate  for  m  years 
at  compound  interest,  its  amount 

Now,  these  two  amounts  ought  to  be  equaL 
Hence,  we  have 


^  |B"-ll=aR«; 


A=- 


Rm 


r      R'»-  1 
a  1 


~~   r     1-R-* 

Ex.  2.  The  present  value  of  an  annuity  of  $1,  to 
continue  x  years,  is  $10  ;  and  the  present  value  of  an 
annuity  of  $1,  to  continue  2x  years,  is  $16;  find  the 
rate  of  interest. 

Here.  10  =  7  (l-R-*).  art.  17. 

and  16  =  i  (1-R-''); 

•*•   10  ""   1-R-* 

=  (1-B-')(1  +  B-^ 

1-B— " 

=  l  +  B-«; 

16 
at  2  —  -j^  •—  1  -  Br* ; 

,%l-B-=-|-- 
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Subtituting  in  tlie  first  equation,  we  get 

2  1 

K  '     =  10  ; 

1 

•••  »-  =  ^' 
or  100  r  =  4. 

The  rate  is,  therefore,  4  per  cent. 

Ex.  8.  A  mortgage  of  $5,000,  interest  at  6  per  cent, 
per  annum,  has  7  years  and  10  months  to  run ;  find  its 
present  value,  interest  at  10  per  cent,  per  annum,  pay- 
able half-yearly. 

The  first  payment  of  interest  is  $300,  and  will  be  due  in  10 
months;  its  amount  for  seven  years,  at  10  per  cent.,  pay- 
able half-yearly,  will  be  300(1-05)  ^  *.  Similarly,  the  amount 
of  the  second  payment  of  interest  at  the  end  of  the  7  years, 
will  be  300 (J  •05)^''^ ;  and  so  on.  The  amount  of  the  last 
payment  will  be  ^300. 

Hence,  the  whole  amount  of  the  mortgage  and  interest 

will  be 

5000  +  300  (1  05)1*+  300(1-05)12+  +  300. 

-=  5000  +  300  {(1-04)" +  (1.05)12+ +  l} 

(1-05)16-1) 
(l-65>2-l| 
=  8462-06. 


5000  +  300 


Now,  if  the  present  value,  P,  be  put  out  to  compound 
interest  at  10  per  cent,  per  annum  for  7  years  and  10  mos., 
ii  ought  to  amount  to  the  same  as  the  mortgage  for  that 
time. 

.-.  P  (1-05)15*  =  8462-06 
.-.  P  =  3940.18. 
The  Present  Value  of  the  Mortgage  is,  therefore,  $3940.13. 
The  value  of  (l-05)i^  may  be  found 
(1)  By  means  of  a  table  of  logarithms. 

^2)  By  raising  1-05  to  the  16th  power,  dividing  this  by 
1-05  we  obtain  the  15th  power,  taking  f  of  the  difference 
and  adding  to  the  15th  power,  we  get  approximately  the  15|- 
power  of  1  05. 
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(8)  By  the  Binomial  Theorem,  as  foflowB ! 

(1.06)»=(1  -f,V)*  =  l  +-^  —  TTuif  =  1.0163;  then 
(1.05)"-!-  1.0168  will  give  a  close  approiimation  to  (1.06)i»» 

For  additional  information  on  this  subjict  consult  Loan 
Tables  by  Fro/essors  Cherriman  and  Loudon. 

Exercise  III. 

(1)  A  perBon*s  dividend  from  his  Bank  Stock  is  1580  a 
year.  What  is  the  present  value  of  this  income  for  five 
years  to  come,  computing  by  simple,  and  also  by  compound 
interest,  at  7  per  cent. 

(2)  What  annuity,  to  continue  20  y«ftrs,  can  be  purchased 
for  $10000,  allowing  compound  interest,  at  6  per  cent. 

(8)  For  what  sum  might  the  Government  of  a  country 
undertake  to  pay  an  annuity  of  $1000  a  year,  for  ever,  on 
the  supposition  that  money  may  always  be  invested  at  6  per 
cent. 

(4)  For  what  sum  might  an  annuity  of  #400  a  year,  for  10 
years,  to  commence  in  6  years,  be  purchased,  allowing  com- 
pound interest  at  6  per  cent  ? 

(5)  A  person  who  enjoyed  a  pen»etuity  of  #1000  per 
Annum,  provided  in  his  will  that,  after  his  decease,  it 
should  descend  to  his  only  son  for  10  years,  to  his  only 
daughter  for  the  next  20  years,  and  to  a  benevolent  Institu- 
tion for  ever  afterwards.  What  was  the  value  of  each 
bequest  at  the  time  of  his  decease,  allowing  compound  inter- 
est at  6  per  cent,  f 

(6)  A  person  at  the  age  of  22  put  9100  at  interest,  at  6 
per  cent.,  and  $100  each  year  afterwards,  until  he  was  40 
years  old.  He  also  collected  the  interest  annually,  and  con- 
rerted  the  same  into  princ^l ;  what  amount  was,  by  these 
means,  accumulated  f 

(6)  A  corporation  borrows  ^8769  ati  4  per  cent.,  to  be  paid 
in  80  years  by  equal  annual  instalments.  What  will  be  the 
annual  payment  ? 

(7)  A  property  is  let  out  on  lease  for  a  years  at  an  annual 
rental  of  $6,  and  after  c  years  the  lease  is  rei^ewed  on  pay- 
ing a  fine  of  ^d.  WhB.t  is  the  additional  rent  equivalent  to 
this  fine  ? 

(8)  A  farm  ie  let  for  n  years  at  a  fixnd  rent  and  a  fine  of 
$p.  When  p  years  of  the  lease  remain,  what  fine  must  he 
paid  to  extend  these  }*  years  to  ^,  at  compoujjd  interest  ? 


(9)  If  two  joint  proprietors  haye  »n  equal  interest  in  a 
freehold  estate  worth  $a  per  annum,  bnt  one  of  them  pur- 
chased the  whole  to  himself  by  allowing  the  other  an  equiva- 
lent annuity  of  $b  for  n  years,  find  the  relation  between  a 
and  6. 

(10)  Find  the  present  value  of  an  annuity  of  $1,  paid  n 
times  per  annum,  and  continuing  for  m  years,  allowing 
compound  interest  at  the  rate  of  r  per  cent,  per  annum ; 
and  prove  that,  as  n  is  indefinitely   increased,  this  present 

falue  continually  approaches  the  limit    . 

(11)  A  monthly  instalment  of  $10  has  2  years  one  month 
to  run,  what  sums  must  be  paid  at  once  to  reduce  the  period 
six  months,  money  being  worth  one-half  per  cent,  per 
month? 

(12)  A  mortgage  ol  $4000  interest  at  6  per  cent,  per  an- 
num, payable  half-yearly,  has  17  years  and  8  months  to 
run.  Fmd  its  present  value,  interest  10  per  cent,  per  an- 
num, payable  hedf-yearly. 

(18)  If  two  sums,  «i,  «3,  due  at  times  t^,  t,,  be  paid  to- 
g;ether  at  an  intermediate  time  t,  t  being  determined  from  the 
equation. 


*iR-*i-|-^R-*«-(,,  +  „)R-*, 


Show  that  whichever  mode  of  payment  be  adopted 

(1)  At  any  antecedent  period,  the  present  values  are  the 
same; 

(2)  At  any  subsequent  period,  the  amounts  are  the  same ; 
(8)  At  the  intermediate  time '  of  payment,  the  interest  o/ 

the  sum  overdue  is  the  discount  oi  that  not  doe. 


APPENDIX  ir. 


CUBE  ROOT. 

Tiie  extraction  of  the  cube  root,  by  the  ordinary  rule,  is  a 
troublesome  process,  seldom  used  and  easily  forgotten.  The 
following  process  is  much  simpler  and  more  easily  remem- 
bered 

Let  a  be  an  approximate  value  of  the  cnbe  root  of  N,  so  that 
yKN  =  a  +  X,  a:  being  very  small  ; 
then  N  =  (rt  +  a^)3  =  a^  -f  3a2a5  +  Mx^  +  ccS 

=  a^  +  Zax(a  -f  a?),  nearly,  since    %   is 
small. 

First   suppose  N  =  a^  +  Sa^x  ; 


»■' 


and     .'.    a  ->r  X 


3a2 
N  +  2rt3 


3a2       ' 

N  +  2a.3 
therefore,  more  nearly,  N  =  a^  _|_  3^^  — 5~T'  ' 

N— a3 
and  «^  =   N  +  2a3  "' 

and,  therefore,  i^N  =  a  -j-  ar 

_  2N  -H  a3.^ 

N  -f  2a3 

Suppose  we  wanted  to  find  the  cnbe  root  of  any  number  ]^  , 

In  the  first  place  we  find  some  number  a  whose  cube  i^ 

somewhere  near  the  given  number.     Then  the  fraction, 

2N  +  a^.g 

will  be  a  nearer  approximation  to  the  cube  root  than  a  itseK 
was.  When  we  have  found  this  value,  we  can  take  this  as 
a  and  repeat  the  process. 

Thus,  to  find  the  cube  root  of  241*804^67,  we  observe  that 
216,  the  cube  root  of  6,  is  nearest  to  241.  Hence  the  first 
value  of  a  is  6. 


N  -I-  2a»   * 
__  699-608784 

-  673-804867 
4197-686404 

~"    673-804867 
=  6*28  very  nearly. 
On  trying  6.28  we  find  it  is  correct. 

Ex.  (1).  Find  the  cube  root  47. 
The  n6KS€)St  onbe  to  47  is  that  of  4. 

_                                   2  N  +  a»  - 
Htnoe,  ^- —  <*• 

N  -I-  2  a8 

=  ^^   -^  6^   X  4 
47+  128 

__  ??? 

~  175  . 

_  2f)28 
"~    700 

=  8.61  nearly. 
Next,  take  8.61  for  a,  and  snbstitnte  in  the  formula,  and 
we  get  8.6088261,  which  is  correct  to  seven  places  of  dnei- 
nals. 
Ex.  (2j.  Find  the  cube  root  of  10, 
.     ,,  .  2  N  +  a» 

10  +   18^ 
=  2.158. 
Next,  snbstitnte  2.15,  instead  of  2,  and  we  get 
20-h9-938375  ^.^^ 

10  -I-  19-876750 
=  2-1644346, 
which  is  oorrect  as  far  as  six  places  of  decimals.    This 
method  b»e  f\so  the  practical  advantage  that  an  •rror  o< 
woric  gets  •o^eoted  at  the  next  triaL 


ANSWERS. 


Exercise  I. 


pa 

|8)    — — .  (6)  22*5  years,  nearly. 

(6)    A^8  share  is 


K-^+b-^Ra+c  ^_  Rt+fl 


(7)  6  per  cent.        (8)    ^ ^ ^^f '  ^     , . 

log.  {mn  —  wi  +  n)  —  log.  m« 

(10)     n  =  20j^.  (11)     17-67  years, 

loge 

(12)  6708.471.  (13)     126  years,  nearly.       (14)     $3600. 

Exercise  11. 
(1)     »706.66i.         (2)     $13585.         (3)     ftig.S-U 

(4)     $900.  (6)     100  5^=:J^*per  cent 

A 

(6)    m,  (7)    aRP-«— feRP-*. 

(8)  ^^.  (9)    11-463  per  cent       (10)    1^  years. 

Exercise   til. 

(1)     A.t  simple  interest,  $2237.77 ;  at  conapotind  iatersBt. 

$2173.10.  (2)     $802.42. 

(3)    $16666.66|.  (4)     $2199.95. 

(5)     $7360.08;  $6404.74;  $2901.83.        (6)  $3000.50 

150-76  orR^ 

^**^      l-(l-04)-»  •  vO    Rc_  X   • 

<«)    1=1=^  (R^-R-)     (9)   ^=2  |l-/   - 

10)  ~  ]  1  —  /^  I   r\«m     ,   *■  18  interest  of  $1  for  1  year. 

11)  $63.68.  (12)     $2422.85. 
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